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|. — On  BUuadacetie  Acid, 
Bt  W.  H.  Pbkkin,  F.CS.j  and  B.  ¥.  Duppa,  Esq. 

In  the  number  of  "  The  Philosoplucftl  Magasine'^  for  July  last 
•  we  gave  an  account  of  the  formation  and  properties  of  iodacetic 
acid,  which,  it  will  be  remembered,  was  prepared  by  acting  on 
Inomaeetic  ether  with  an  alcoholic  solution  of  iodide  of  potassium, 
liie  fesnlt  of  which  action  was  iodocetic  ether.  This,  in  its  turn, 
WIS  treated  with  baryta  water,  and  the  resulting  baiium  salt  de« 
oomposed  by  snlphnric  acid.  Since  then  we  have  diaoorered  that, 
bj  treating  bibtomacetic  ether  in  a  sumilar  manner,  biniodaoetic 
add  ia  fimned.  We  shall  now  proceed  to  describe  the  procdss  we 
employed  for  the  preparation  of  this  interesting  snbstance  from 
Iriniodaeetic  ether,  iHiich  will  be  described  hereafter. 

Btnlodacetate  ojf  ^yl  is  decomposed  best  by  shaking  it  up  in  a 
flask  with  a  small  quantity  of  milk  of  lime,  small  additions  of  the 
latter  being  made  continually  until  no  further  smell  of  the  ether 
can  ]ye  perceived,  or  any  burning  sensation  produced  on  the  tongue 
when  a  small  quantity  of  the  liquid  is  applied.  The  nuxturc  of 
hydrate  of  calcium  and  the  solution  of  the  new  salt  is  placed  on  a 
filter,  and  well  washed — first  with  cold,  and  then  with  hot  water — 
until  the  liquid,  passing  through,  uo  longer  gives  a  precipitate  of 
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iodide  of  silver  when  gently  heated  with  a  di'op  of  acid  nitrate. 
The  liquid  containing  biniodacetate  and  hydrate  of  calcium  and 
alcohol  in  solution  is  then  very  gently  evaporated  until  it  just 
begins  to  crystallize.  The  ohjcc^  of  this  is  to  ensure  the  complete 
volatilization  of  the  alcohol  which  was  present,  as  it  inteiferes 
much  with  the  precipitation  of  the  add^  and  has^  moreover,  a 
tendency  to  decompose  it.  Should  any  crystals  exist  in  the 
liquid^  a  small  quantity  of  water  must  be  added^  to  bring  them  in 
solution.  The  liquid  being  cold^  dilute  hydrochloric  acid  is  added 
(strongs  acid  decomposes,  and  also  dissolyes  the  acid,  as  it  is 
separated  from  its  calcium  salt) — ^in  sufficient  quantity  to  liberate 
the  acid,  and  no  more.  This  is  known  by  no  further  turbidity 
being  produced  when  more  acid  is  added  to  a  drop  on  a  watch- 
glass.  The  milky  liquid  is  now  left  at  rest,  when  the  acid  beguis 
to  shoot  out  into  a  confused  mass  of  crystals.  At  the  bottom  of 
the  vessel  is  generally  found  a  large  portion  of  the  acid  in  the  form 
of  a  hea^y  yellow  oil,  which^  after  a  time,  concretes  into  a  mass 
of  large,  opa(|uc,  sulphur-yiHow  rliouibuhedrons.  The  crystals 
are  repeatedly  waslicd  with  a  little  cold  water,  and  dried. 

The  acid,  thus  prepared,  is  a  bcautilully  crystalline  sulphur- 
yellow  substance,  having  a  slightly  acid  and  metallic  after-taste. 
It  does  not  act  on  the  skin  like  the  corresponding  bromine-com- 
pound. It  is  but  slightly  soluble  in  water.  Crystals  of  the  acid 
exposed  to  the  air  slowly  disappear,  being  volatile  at  the  common 
temperature. 

On  opening  a  bottle  containing  crystals  of  the  acid,  a  faint 
smell,  resembling  iodine,  manifests  itself.  Heated  on  platinum 
foil,  it  fuses  partly,  volatilizes,  and  then  turns  black,  erolviiig 
copious  fumes  of  iodine. 

All  the  salts  of  this  add  we  have  yet  examined  are  slightly 
yellow;  all  crystalline  and  permanent,  with  the  exception  of 
those  of  potassium  and  sodium,  which  are  deliquescent. 

Biniodacetate  of  calcium  crystallizes  in  silky  needles  of  a  yellow 
colour ;  heated  on  platinum  foil,  it  evolves  iodine. 

Biniodaoetate  of  barium  Is  a  dystalline  salt,  forming  laige 
rhombohedral  crystals  of  a  pale  yellow  colour,  tolerably  soluble  in 
water,  and  giving  off  iodine  when  heated.  A  combustion  of  a  por- 
tion, dried  in  vacuo  over  sulphuric  acid,  gave  the  following  results ; 

*7473  of  substance  gave 
'1605  of  carbonic  acid  and 
*0888  of  water. 
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These  nvmbers  agree  with  the  fonniila^ 

BmC^(HIJO^ 
as  may  be  seen  hy  ike  following  t«ble 

Tbooxy. 


Carbon     4  equivs. 
Flydrogen  1 
Bariam'  1 
Iodine  2 
Oxygen  4 


2400 
100 
68-5$^ 
258-76 
82-00 


6*82 


•26 
180; 
66*86 
8*49 


Ueux  of  Bzperfmont 

6-85 
•57 


879  35         100  00 

BmMaeeUtte  of  Lead, — This  salt  is  best  prepared  by  adding  a 
solntimi  of  dilodacetate  of  sodium  to  a  solution  of  aoetate  of  lead, 
both  being  largely  diluted*  After  a  few  moments,  the  mix- 
ture beeomes  turbid^  and  a  considerable  quantity  of  a  crystalline 

precipitate  rapidly  forms,  which  mnst  be  well  washed  with  cold 
fratcr,  in  which  it  is  nearly  insoluble ;  when  dry,  it  is  of  a  palo 
yellow  colour,  and,  seen  under  the  inicroscopo,  is  found  to  consist 
of  minute  prismatic  crystals.    The  following  analyses  were  made : 


n. 


IH. 


XV. 


5052  of  substance  gave 
1054  of  carbonic  add,  and 
0685  of  water, 

3G95  of  substance  gave 
0774  of  carbonic  acid,  and 
0200  of  water. 

8228  of  substance  gave 
0675  of  carbonic  add,  and 
0146  of  water. 


•5667  of  substance  gave 
-2085  of  sulphate  of  lead 

Percentage  oomposition 

I.  n. 

Carbon  .  .  6*68  5*71 
Hydrogen  .  '678  '48 
Lead 

These  numbers  agree  with  the  formula, 

Pb,C,(III,)0„ 
i  may  be  seen  from  the  subjoined  table : — 


IIL 
5*71 
*51 


nr. 


—         —        —  24-58 


B  2 
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Tbeorj.         Meoa  qf  £i;perimeaU. 


Carbon     4  equiys. 

.  24- 

6-79 

5-7 

Hydrogen  I  „ 

1- 

•26 

•57 

Iodine      2  „ 

.  258-76 

61-24 

Oxygen     4  „ 

82- 

7-72 

Lead       1  „ 

.  108-57 

24*99 

24-58 

414-88 

100-00 

Biniodacetaie  of  Silver. — This  salt  is  produced  by  adding  a 
neutral  solution  of  nitrate  of  silver  to  one  of  diiodacetate  of 
sodium.  It  is  best  to  u«;c  dilute  solutions,  as  the  precipitate 
forms  more  slowly  and  more  perfectly  crystallized.  The  precipi- 
tate must  be  well  washed  with  cold  water,  and  dried  in  vacuo.  It 
is  a  yellow  crystalline  powder^  decomposed  when  gently  heated  on 
platinum  foil,  the  decomposition  being  attended  with  a  slight 
explosion,  one  equivalent  of  iodine  being  evolved. 

This  salt,  when  boiled,  readily  splits  up  into  iodide  of  silver  and 
iodoglycolic  acid. 

The  following  silver,  iodine,  and  carbon  and  hydrogeijk  deter- 
minations were  made : — 

I,    '4245  of  substance  gave 
•2350  of  iodide  of  silver. 

II.    '8970  of  substance  gave 
•2813  of  iodide  of  silver. 

III.  '3350  of  substance  gave 
•3720  of  iodide  of  silver. 

IV.  .4022  of  substance  gave 
•4510  of  iodide  of  silver,  and 
•1363  of  chloride  of  diver. 

v.    -54430  of  substance  gave 
•]  150  of  (  arbonic  acid,  and 
•Oi  1^  of  water. 

Percentage  composition  :-r- 

L            II.  III.  IV. 

Carbon  .       .     —  —  — 

.  Hydrogen     .  — •          —  —  — 

Iodine  .      .     —         —  59-98  60-57 

Silver   .      .   25-45  25*78  —  25-60 


V. 
5-82 
-80 
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^lean  of  Bsperimfinto. 


Carbon     4  cquivs. 
Hydrogen  1  „ 
Iodine      2  ^, 
Silver       1  „ 
Oxygen    4  „ 


2400 
100 
253-76 

108-00 
32-00 


5/3 
•23 
GO-52 
25-78 

7-74 


()()-27 
25-57 


5-82 
•30 


418-76 


100-00 


Bbmdaeetaie  of  Etkyl-^To  pxepaie  this  substance,  a  distOling 
and  oondensiDg  appaiatiu>  like  t&af  used  fiMT  the  preparation  of 
piae  tannin,  is  conrenient^  the  iodide  of  potassbim  being  placed 
in.  Hie  large  tnbe^  and  tlie  bibromacetic  ether,  previously  mixed 
irith  three  times  its  Yohime  of  alcohol^  in  the  flask.  The  apparatus 
is  tiien  placed  on  a  water-bath,  and  the  contents  kept  boiling 
until  all  the  iodide  of  j>otassium  has  dissolved  by  the  constant 
filtration  of  the  alcohol  through  it.  The  iodide  should  be  used  in 
the  proportion  of  two  equivalents  to  one  of  bibromacetic  ether. 
The  flask  is  then  detached,  a  bent  tube  fitted  to  it,  and  the 
contents  distilled  until  all  the  alcohol  has  jiasscd  over,  \\liicli  may 
be  known  by  the  liquid  coniiug  over  turning  milky.  Tlic  Mask  is 
then  opened,  and  a  drop  of  the  oily  liquid  at  the  bottom  tested 
with  a  little  ammonia,  which  immediately  converts  it  into  the 
amide,  which,  when  heated  with  a  little  oxide  of  manganese  and 
sulphurip  acid,  gires  off  iodine.  Should  the  vapour  not  be  good 
in  oolonr,  and  the  crystals  aoft,  it  is  a  sign  that  some  bibromacetic 
ether  is  still  nndecomposed,  and  that  the  digestion  wiUi  alcohol 
must  be  renewed  until  the  test  gives  pnre-looking  iodine  vapours. 
The  flask,  when  the  reaction  is  terminated,  is  emptied  of  its 
contents  into  a  test-glass,  and  the  oil  at  the  bottom  taken  up  with 
a.  pipette,  and  well  washed  with  water.  A  little  mercury  is  then 
shaken  np  with  it,  when  the  dark  colour  of  the  dissolved  iodine 
wiU  in  a  few  moments  vanish. 

Thus  prepared,  biniodacetie  ether  is  a  yellowish  liquid,  liaviug  a 
pungent  burning  taste,  and  irritating  the  eyes  and  nose  in  a 
powerful  manner.  It  is  insoluble,  or  nearly  so,  in  water ;  am- 
monia lapidly  converts  it  into  biniodacetamidc. 

Wc  have  not  made  au  analysis  of  this  substance,  as  the 
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reactions  we  obtained  were  so  clearly  deiinite  tjbat  we  did  not 
consider  it  necessary. 

Biniodacdamide. — As  mentioned  before,  this  substance  is  pro- 
duced when  a  solution  of  ammonia  is  brought  in  contact  with  the 
above-mentioned  ether.  It  is  a  difficultly  aolttble  Bubstanoei  of  a 
pale  yellow  coloor.   The  following  analyses  ii:ei!e  jmA^x 

I.   '5910  substance  gave 

*1788  of  carbonic  add^  and 
*0693  of  water. 

U.    '3400  of  substance  gave 

•0995  of  carbonic  acid,  and 
•0362  of  water. 

III.    '5303  of  substance  gave 

*d972  of  ohloroiilatinate  of  amxnoniiua. 

Feroentage  composition : — 

X  u.  m. 

Carbon  8*25         7*98  — 

Hydrogen.      .    1*11  — 
Nitrogen  .       .     —  ■—  4*68 

which  agree  with  the  formula, 

.  C,(H3l,)NOa, 

asnnay  be  seen  by  the  subjoined  table : — 


Carbon     4  equivs.     .     21-00  7*72  8*11 

30f)  -96  JL-14. 

253-76  81-65  — 

1400  4'52  4-68 

1600  616  ^ 


Hydrogen  3 
Iodine       2  , 
Nitroiien  1 


Oxygen  2 


9i 
99 


310-76  10000 

Having  experienced  great  difficulties  in  making  iodine  deter- 
minations, V.-C  beg  to  be  .allowed  'to  mention  the  method  m 
pursued  in  obtaiiiiii;x  the  numbers  mentioned  in  this  paper. 

After  having  tried  all  the  methods  detailed  in  the  rnanuaU,  it 
occurred  to  us  that  possibly  the  iodine  might  be  eliminated  team 
biniodaoetic  acid  by  means  of  nascent  hydrogen.  The  first  object 
to  be  obtained  was  the  perfect  solution  of  a  salt  in  some  fiquid 
without  heat.  For  this  purpose  we  selected  the  sAw  salt,  mixed 
it  with  water,  and  added  a  few  drops  of  ammonia,  wldoh  imnie* 
diately  produced  a  dear  solution.  We  then  added  metallic  nn^ 
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wlncH  dixectly  precipitated  the  silver  in  the  metallic  iarm,  xen- 
dering  the  liquid  yeUow  from  a  amall  quantity  of  iodide  of  ailver 
that  was  fomed.  A  few  moments'  stirring  decomposed  thisi,  and 
the  liquid  became  perfectly  dear.  The  metallic  rino  and  silver 
were  then  separated  hj  means  of  a  filter,  and  repeate^y  washed 
with  water^  to  which  a  few  drops  of  ammonia  had  been  added«  to 
keep  oxide  of  sine  in  solution.  The  solution  was  then  treated 
in  the  ordinary  way  with  nitric  acid  and  nitrate  of  silver  for 
precipitation  of  the  iodine. 


II. — DueHptim  o/  an  hermeiieaU^  tealed  Barometer, 


When  mounted  on  an  ivory  scale,  this  instrument  resembles  in 
size  and  portability  a  pocket  thermometer  of  the  medium  or 


It  is  constructed  from  a  piece  of  thermometer  tube,  in  which, in 
lieu  of  the  spherical  or  cylindrical  bulb  formed  for  a  thermometer, 
a  cistern  is  made  in  the  form  ot"  the  section  of  a  cylinder,  l'^  inches 
diameter  and  1-1 0th  of  an  inch  thick,  varying  these  measures 
according  to  circumstances ;  but  generally  tlie  bulb  has  neai'ly 
the  shape  and  dimensions  of  a  half-crown.  On  the  top  of 
the  tube  there  is  an  air  cavity  similar  to  that  used  in  Dr. 
Butherford's  registering  thermometer. 


By  Aicbabd  Ajum,  Livbbpool. 


larger  class. 


A.  The  cLatcm  containing  alcohol. 


BB.  The  tolw  in  whidi  Um  height  correepoudiag 
io  the  barometer  is  lead. 


0.  The  top  of  the  alcohol  oohmuL 


c 


D.  The  lur-cavity  for  correcting  for  temperatuxe. 


31  to  27.  Tlie  figures  to  represent  the  hciglit  uf  the 
column  C.  with  reference  to  the  mercurial 
column. 


28— 


are  added  so  as 


read  off  to  '02. 
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A  DIE  ON  THE  BAROMETER. 


The  inflaenc6  of  ehange  of  temperature  is  got  rid  of  by  trial 

and  adjustment  of  each  instrument ;  so  that  the  expansion  of  the 

air  in  the  upper  cavity  will  counterbalance  the  expansion  of  the 
liquid  ill  the  cistern.  This  correction  for  temperature  applies  only 
to  the  condition  of  equal  heating  of  the  instrument  throughout. 
When  it  is  well  done,  an  instrument  is  obtained,  which  is  ex- 
tremely sensitive  to  any  chani^c  of  atmospherical  pressure. 

If  dipj)ed  in  water  at  the  temperature  of  the  air,  the  column  in 
the  tul)o  immediately  rises  to  show  the  increase  of  pressure. 
When  carried  from  one  story  of  a  house  to  another,  the  change  is 
noticed  as  the  stairs  are  ascended.  In  the  beginning  of  last 
April,  1  put  one  of  the  barometers  in  the  corner  of  the  compart- 
ment of  the  railway  carriage  in  which  I  was  travelling,  from 
Liverpool  to  Edinburgh,  where  it  indicated  regularly  the  extenoLTe 
changes  from  the  sea  level  whioh  that  line  of  route  contains. 

The  hermeticallv-sealcd  barometer  which  I  have  found  to  work 
best  is  filled  Avith  coloured  alcohol;  the  column  in  the  tabe 
moving  through  aboat  1*5  inches  for  every  inch  of  the  mercurial 
barometer. 

Filled  with  mercury,  instruments  corrected  for  temperature 
were  obtained  to  move  through  half  an  inch  for  every  inch  of  the 
barometer;  butj  in  point  of  mobility,  they  were  much  inferior  to 
alcohol-fiUed  tubes. 

Filled  with  ether,  an  instrument  corrected  for  temperature 
could  not  be  obtained  in  combination  with  delicacy  of  indication ; 
but  if  the  correction  for  temperature  be  dispensed  with,  and  a 
place  can  be  found  for  the  barometer  where  the  changes  of 
temperature  are  small,  ether,  in  an  hermetically-scaled  tube  of  the 
kind  dcsci-ibed,  would  furnish  a  most  miuutc  measure  of  changes 
in  atmospheric  pressure. 

A  tube  filled  with  water  did  not  act  with  delicacy,  from  the 
want  of  mobility  in  the  fluid. 

In  the  hermetically  sealed  barometer,  the  reading  may  be  much 
distm'bcd  by  unequal  heating,  when  the  instrument  is  held  in  the 
hand,  or  the  sun  allowed  to  shine  on  a  portion  of  it.  This  can  in 
a  degree  be  prevented  by  the  skill  of  the  observ^er,  with  the  inter- 
position of  non-conductors,  and  when  carried  by  holding  the 
instrument  suspended  by  a  cord,  rather  than  keeping  it  in  the 
pocket  or  hand.  When  the  indication  has  been  disturbed  by 
unequal  heating,  it  must  remain  suspended  fifteen  or  twenty 
minutes  before  a  reliable  reading  can  be  made. 
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III. — Action  0/  PewtaMoride  oj  P/wsphorm  on  Tartaric  Acid, 
By  \V.  H.  Pekkin,  F.C.S.  and  B.  i\  Duppa,  Esq. 

In  a  paper  on  malic  acid,  published  last  April  in  the  Phih^sopliicul 
Magazine^  we  mentioned  that  were  enj^agcd  with  the  study  of 
the  influence  of  pentachloridc  of  phospliorus  011  Tartaric  acid;  our 
time,  however,  ha^dn^  been  much  occupied  by  other  subjects,  we 
have  as  yet  been  unable  to  investigate  tlio  matter  tliorougldy,  but, 
having  obtained  some  peculiar  results^  we  take  this  opportimit/  of 
laying  them  before  the  Society. 

On  gently  heating  a  mixture  of  pentachloridc  of  phosphorus 
and  tartaric  acid,  hydrochloric  acid  is  evolved  in  abundance,  and  a 
pei£9Ctiy  liquid  mixture  is  formed  consisting  of  ozychloride  of 
phosphorus  and  an  oil.  To  obtain  the  latter  in  quantity  we  have 
found  it  best  to  operate  in  the  following  manner. 

One  part  <^  pulverised  tartaric  acid  and  five  or  six  of  penta- 
cbloride  of  phosphoms  are  mixed  and  introduced  into  a  retort  and 
gradnaUy  heated  until  perfectly  liquid.  The  temperature  is  then 
elevated  and  the  liquid  allowed  to  distil  until  it  reaches  120*";  it  is 
maintained  at  this  pointy  and  dry  air  paued  through  the  remaining 
liquid  for  five  or  ten  minutes,  so  as  to  separate  as  much  of  the 
remaining  oxychloride  of  phosphorus  as  possible. 

This  product,  which  is  the  cldoride  of  a  diatomic  acid  radical, 
sinks  as  an  oil,  when  thrown  in  water,  and  gi-adually  dissolves.  It 
also  dissolves  in  alcohol,  forming  an  ethereal  body.  If  ])rojected 
into  strong  aqueous  ammonia,  a  violent  action  ensues,  ehloiidc  of 
ammonia  and  a  new  crystalline  compound,  verj'  soluble  in  alcohol 
and  water,  being  produced.  AVith  phenylamine  this  body 
reacts  most  energetically.  It  decomposes  partially  on  being 
distilled. 

As  mentioned  above^  this  substance  gradually  dissolves  in  water. 
If  a  oonddmble  quantity  is  mixed  with  water^  it  becomes  warm, 
and^  on  coolings  deposits  a  white,  slightly  dystalline  add.  If 
exposed  to  the  moist  atmosphere  for  a  day  or  two,  it  becomes  a 
white  solid  mass. 

This  add,  after  being  well  pressed  between  bibulous  paper  and 
recfystallized  fiom  water,  presents  itself  as  a  white,  almost  amor- 
pboos,  mass:  but,  when  viewed  under  the  microscope  appears  as 
small  txansparent  needles.  It  is  very  soluble  in  water  and  alcohol. 
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has  a  very  acid  taste^  melts  when  heated,  and  solidifies  into  a 

crystalline  mass  on  cooling.    It  is  bibasic. 

Acid  potassium-salt.  This  is  Ix'st  obtained  by  takin«!:  a  solution 
of  the  acid  and  dividinf?  it  into  two  equal  portions,  neutralizing 
one  M  itli  carbonate  of  jjotassiuni  and  then  adding  tbe  otber  to  it. 
If  not  too  dilute,  tbc  new  salt  immediately  makes  its  appearance 
as  a  crystalline  precipitate,  which,  after  washing  with  cold  water 
and  recrj'staliizing  once  or  twice,  is  obtained  quite  pure.  It 
crystallizes  in  plates.  It  is  more  soluble  than  the  acid  tar- 
tarate  of  potassium.  It  contains  chlornie.  Tlie  following  carbon, 
hydrogen^  chlormcj  aud  potassium  dcterminatioDS  have  been 
made: 

I.  '3290  of  substance  gave 
•3033  of  carbonic  acid,  and 
•0329  of  water. 

II.  *2064  of  substance  gave 
'1567  of  cUoiide  of  Bilver. 

Ill;  '69525  of  substance  gave 

•271  of  chloride  of  potassium. 

Percentage  compositloii : — 

Carbon  ....  25*14 

Hydrogen  .       .       .       .  11 1 

Chlorine  ....  18-82 

Potassium  ....  20*45 

which  agrees  with  the  formula  KH,Cs(HC1)0q  as  may  be  seen  from 
the  following  table : — 


Theory. 

Carbon     8  eqmT.  . 

.  48 

25-4 

26*14 

Hydrogen  2  „ 

.  2 

1-05 

Ml 

Chloi'inc  1 

.  35- r> 

18-81 

18-82 

Potassium  1 

.  ;39-2 

20-77 

20-15 

Oxygen     8  „ 

33-97 

1887 

10000 

The  neuiral  potasmm^aU  is  crystaUine^  and  much  more  sduUe 
than  the  fanner. 
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Siher-salt. — On  adding  nitrate  of  silver  to  a  solution  of  either 
of  the  above  salts^  a  white  precipitate^  is  immediately  formed,  tliis, 
when  washed  witli  c(3ld  water  and  dried  in  vacuo  over  sulphuric 
acid  is  fit  for  analysis.  Tt  is  very  slightly  soluble  in  water.  When 
viewed  under  a  powerful  lens,  it  presents  a  slightly  crystalline 
appearance.  On  being  heated  on  platinum  foil,  it  decrepitates^ 
lamng  a  residue  of  metallic  silver  and  chlpride  of  silver.  The 
mbjoiiifid  determinationa  were  made : — . 

I.  *2665  of  snbstance  gave 
•210  of  chloride  of  silver. 

II.  '29325  of  substance  gave 

•17375  of  mrtallic  silver,  and 
*117  of  chloride  of  silver. 

Percentage  composition : — 

L  II. 
Silver    .       .    69-5    .       .    59  25 

Chlorine.      .    .      .  9*50 

These  numbers  agree  with  the  formula  Ag),C0(HCl)Os  as  may 
be  seen  from  the  following  table : — 


Theory. 

Exp. 

Carbon     8  equiv.  . 

48 

1316 

Hydrogen  1  „ 

1 

•27 

Cldorine  1  „ 

.  85-5 

9-74 

9-50 

Silver      2     „  . 

.  216*0 

59-28 

69  87 

Oxygen    8     „  . 

640 

1760 

364-5 

100*00 

Lead-salt.  This  salt  is  obtained  by  adding  acetate  of  lead  to  a 
solution  of  the  potassium  salt  It  k  a  crystalline  substance  dif* 
ficnltly  soluble  in  water. 

From  the  foregoing  it  evidently  appears  tliat  the  new  acid  has 
the  composition  CglHgCljOg,  and  the  chloride  from  which  it  is 
derived,  the  formuU  C8(HCl)04,Cly  This  add  in  composition 
fepresenta  maleio  or  fiunaric  add,  in  which  one  equivalent  of 
Iqrdmgenia replaced  by  chlorine;  but,  as  it  is  avery  soluble  sub- 
stanoe,  it  would  appear  that  if  derived  from  dther  of  the  above,  it 
wooU  be  from  nialdc  add,  therefore  we  giye  it  the  pioviflional 
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name  of  ckhromaleic  acid.  We  hope  shortly  to  be  able  to  replace 

the  chlorine  in  this  acid  by  hydrogen,  and  then  to  ascertain 

whether  it  miglit  be  viewed  as  a  deri>  ativc  of  nialeic  acid  or  not, 
because  this  is  important,  as  it  m&y  show  us  the  rciatiou  which 
tartaric  acid  bears  to  malic. 

The  action  of  pentachloride  of  phosphorua  may  be  explained 
thus :  — 

CeHeO^a  +  PCl^  «  CgH^Oio  +  PCI3O4  +  2HC1. 
Ttrterio  add.  Anhyd.  tart  add. 

Then— 

CgH^Ojo  +  3PCI5  =  C,0lCl)O„Cla  +  SPCIaOa  +  3Ha. 

New  chloride. 

This  ..ii^  ears  to  show  that  tartaric  acid  represents  four  molecules 
of  water  and  that  part  of  the  hydrogen  and  oxygen  exist  in  the 
same  peculiar  condition  as  in  glycolic  and  lactic  acid. 

C  H  O  7 

The  formula  of  tartaric  add  appears  to  be    ^  Og 

We  have  o1)taiiied  some  very  interesting  substances  by  digesting 
the  bromacctic  ethers  with  sulphocyanides,  acetates,  succinates,  &c., 
the  study  of  which  we  are  now  engaged  with. 


rV. — On  the  Application  of  Electrolysis  to  the  "Detection  qf  the 
Poisonous  Metals  in  Mixtvres  cwfUaimng  Orgamc  Matters, 

By  Charles  L.  Bloxam. 

EvEKY  analyst  is  onU  too  ^vcll  aware  of  the  difficulties  which 
beset  the  detection  of  the  poisonous  metals  in  mixtures  containing 
organic  matters,  such  as  the  contents  ol  the  stomachy  the  soiidj* 
and  fluids  of  the  body,  and  articles  of  food. 

The  process  which,  I  believe,  most  chemists  now  generally 
adopt  in  such  cases,  consists  in  disintegrating  and  partly  oxidising 
the  organic  matters,  hy  the  aid  of  a  mixture  of  hydrochloric  acid 
and  chlorate  of  potassa,  and  afterwards  precipitatinir  the  filtered 
solution  by  hydrosulphuric  acid^  the  arsenic  acid  having  been 
previously  reduced  by  means  of  sul{)hurous  acid. 

In  most  cases,  the  solution  obtained  by  treating  the  orgamc 
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matters  with  hydrochloric  acid  and  chlorate  of  potassa  affords  a 
precipitate  on  the  passage  of  hydrosulphuric  acid,  whether  any  of 
the  metals  forming  insoluble  sulphides  be  present  or  not:  this 
precipitate  is  generaUy  of  a  dark  greyish  brown  colour;  is  very 
difficqlt  to  filter  and  wash ;  and  interferes  in  a  most  disagreeable 
nupxmer  with  the  application  of  tlie  tests  for  those  metals  which 
are  precipitable  by  hydroeulphuric  acid  from  their  acid  solntiona. 

It  18  therefore  in  the  highest  degree  deAirable  to  adopt  some 
motre  satis&etory  method  for  separating  the  metals  of  the  hydro- 
sulphuric  acid  group  from  organic  mixtures. 

Two  of  these  metab,  arsenic  and  antimony^  may^  it  is  true^  be 
readily  extracted  in  the  form  of  gaseous  hydrogen  compounds,  by 
Marsh's  process ;  and  the  objectionB  to  this  course  haTe  been  so 
often  commented  on,  that,  when  I  repeat  some  of  the  most  im- 
portant of  diem  here,  it  ia  only  that  X  may  plead  a  Mr  excuse  for 
submitting  this  coraraunication  to  the  society. 

Tlic  occasional  presence  of  arsenic  in  the  sulphuric  acid,  and 
of  both  arsenic  and  antimony  in  the  zinc,  has  always  been  a 
serious  objection  to  the  use  of  Marsh's  test;  and  altlunii^h  the 
hydrogen  evolved  at  the  be^nning  of  the  experiment  may  be 
carefully  examined  before  introducing  the  suspected  liquid,  the 
operator  always  proceeds  upon  the  assumption  that  the  zinc  is 
perfectly  homo^eneons,  and  that  it  is  impossible  for  nrscnic  or 
antimony,  which  had  eluded  detection  in  the  first  portion  of 
hydrogen  evolved,  to  become  apparent  when  the  mass  of  the  zinc 
has  entered  into  solution. 

When  Uquids  holding  organic  matters  in  solution  are  intro- 
duced into  Marsh's  apparatus,  the  frothing  occasioned  by  the 
▼iscidity  of  the  mixture  often  gives  rise  to  very  serious  incouve- 
nienee ;  for  although  it  may  generally  be  cliecked  by  the  addition 
of  alcohol^  it  sometimes  gets  quite  beyond  the  control  of  the 
operator,  and  the  experiment  is  entirely  lost. 

But  the  most  serious  objection  is  that  the  liquid  which  has  been 
exiamined  by  this  method  for  arsenic  and  antimony  cannot  be  ex- 
amined fyt  any  other  metals,  on  account  of  the  presence  of  so 
large  a  quantity  of  sulphate  of  sine,  a  consideration  of  very  grave 
importance  in  cases  where  the  quantity  of  the  suspected  matter  is 
small. 

The  objections  to  the  convenient  and  delicate  process  of 
Reinsch  rest  upon  similar  grounds,  and  are  even  more  readily 
admissible. 
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The  detection  of  the  poisonous  metals  by  the  decomposing 
action  of  the  galvanic  current,  is,  I  think,  free  from  these  ohjec- 
tions,  and  so  minute  quantities  of  the  poisonous  metals  may  be 
detected  by  this  method  of  testing,  that  it  may  safely  be  relied 
upon  in  most  cases  of  chemico>legal  inTcstigatioiiA.'^ 

The  first  experiments  were  directed  to  ascertain  whether 
minute  quantities  of  the  roost  important  poisoDOUS  metals  ootdd 
be  easily  detected,  by  eleetrolysis,  in  solatioiui  free  from  organie 
matters* 

Detection  ef  Areenic, 

The  apparatus  which  was  at  first  cniiiloved,  consisted  of  an 
ordinary  U-tuhe,  one  limb  of  which  was  closed  with  a  perforated 
cork  through  which  passed  a  tube  for  tiic  escape  of  the  hydrogen, 
and  a  platinum  wire  connected  with  the  zinc  extremity  of  a  Grove's 
battery  of  five  cells ;  to  this  wire  was  attached  a  platinum  plate, 
measuring  about  2  inches  by  |  inch,  which  was  thrust  down  almost 
to  the  bottom  of  tbc  U-tube.  The  other  limb  of  this  tube  was  left 
open  for  the  escape  of  the  oxygen,  and  contained  a  similar  platintim 
platCj  connected  with  the  platinum  extremity  of  the  battery. 

The  tabe  which  carried  off  the  hydrogen  was  connected  with  a 
straigl^t  tube  of  hard  glass  drawn  out  to  a  long  open  pcmit,  and 
heated  to  redness  at  the  shoulder  in  order  that  any  arseninzetted 
hydrogen  might  be  decomposed  in  passing  through  it. 

At  the  commencement  of  each  experiment,  the  U-tube  was 
charged  with  a  fluid  ounce  of  diluted  sulphuric  acid  (containing 
one  measure  of  oil  of  vitriol  and  four  measures  of  water),  and  aa 
eoon  as  the  closed  limb  had  become  filled  with  hydrogen,  the 
drawn-out  tube  was  heated  with  a  spirit-lamp  for  15  minutes  in 
order  to  ascertain  that  no  deposit  of  arsenic  was  obtained  from 
the  sulphuric  acid  alone.  The  solution  to  be  examined  for  arsenic 
was  then  introduced  into  the  closed  limb,  by  withdrawing  the 
cork  for  an  instant,  and  the  experiment  continued. 

The  U-tube  was  ijnmersed  in  a  vessel  of  water  to  prevent  the 
temperature  from  rising  too  high  during  the  passage  of  the 
curreut. 

*  Before  •nbmitting  this  communication  to  tho  So.  iciy,  the  antlior  Vie  not 

awaro  of  the  existence  of  M.  Gaultier  dc  Claul«ry's  admirable  paper  npon  this 
method  (J,  Pharm.  [^],  xviii,  125;  a/'.sfr.  C'iiem.  Soc.  t^u.  J.  iii.  1(12).  This  chemist, 
however,  appears  to  have  relied  upon  the  precipitation  of  the  aracnic,  not  upon  its 
eroliition  in  the  fonn  of  enwniiueitod  hydrogen. 
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The  quantity  of  anenic  employed  for  each  experiment  was 
determined  by  caxeiully  measuring  out  a  standard  solution  of 
anenions  acid. 

Three  experiments  made  with  aqueous  solutions  containing 
T^t  rhi  TsW  &^^^f  rcspectiTely  (corresponding  to  *076, 
*0076  and  *00076  grain  of  metallic  arsenic),  proved  that  the 
arsenic  could  he  readily  obtained^  as  in  Marsh's  test^  in  the 
form  of  a  hrilliant  metallic  crust  in  the  narrow  point  of  the  tube, 
about  half  an  inch  beyond  the  heated  portion. 

In  order  to  ascertain  whether  the  presence  of  alcohol  would 
interiere  with  the  action  of  the  test,  in  case  it  might  become 
necessary  to  add  it  in  order  to  prevent  Nothing,  an  ounce  of  dilute 
sulphuric  add  and  a  drachm  of  alcohol  were  introduced  into  the 
apparatus  and  electrolysed  until  the  tubes  were  full  of  hydrogen ;  - 
on  healing  the  evolution  tube,  a  faint  odour  resembling  nicrcaptan 
was  perceived,  but  there  was  not  the  slightest  deposit.  On  intro- 
ducing gm.  of  arsenious  acid,  a  most  satisfactory  minor  waa 
formed  in  the  tube  in  less  than  five  minutes,  and  a  decidedly 
arsemeal  odour,  Vke  that  of  alkarsin,  proceeded  from  tiie  ertremity 
of  the  evolution  tube. 

In  subsequent  experiments,  as  in  this,  I  found  that  the  presence 
of  alcohol  appeared  to  facilitate  the .  production  of  an  arsenical 
crust,  and  that  the  arsenical  odour  afforded  a  valuable  confirmation 
with  respect  to  the  presence  of  arsenic. 

The  method  was  then  tested  as  to  its  applicability  in  cases 
where  the  arsenious  acid  is  mixed  with  large  quantities  of  organic 
matters. 

A  mixture  was  prepared,  containino^  about  1  oz.  lean  meat,  1  oz. 
bread,  1^  oz.  milk  and  }  oz.  white  of  ci^ir,  'boatcii  to  a  pretty 
uniform  pulp  in  a  mortar.  To  this  iiuxtiirc  was  added  an  aqueous 
solution  of  ^'.y  g^ain  of  arsenious  aeid.  The  whole  was  then 
mixed  with  1  fluid  oz.  of  hydroehloric  acid  and  1- oz.  of  water  j 
this  mixture  was  diii;estctl  in  tlic  water-bath  for  15  minutes, 
filtered,  and  the  clear  solution  evaporated  on  the  water-bath  to 
8^  fluid  oz.  of  a  dark  brown  viscid  liquid. 

On  introducing  one-fourth  of  this  (=  0  025  gm.  AsO.,)  into  the 
decomposing  tube,  it  frothed  up  very  much,  but  waa  ininicdiateiy 
checked  by  the  addition  of  a  draebin  of  alcohol,  and  a  deposit  of 
arsenic  was  almost  inuncdiatclv  formed  in  the  heated  tube. 

A  repetition  of  the  experiment  gave  a  similar  result,  ))ut  about  15 
minutes  were  required  for  the  formation  of  a  good  arsenical  mirror. 
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In  a  third  trial,  one-sixtli  of  the  solution  was  taken  (7=0'017gra. 
AmO^,  with  a  like  KBuit^  the  odonr  of  alkanin  being  also  verj 
distinct. 

A  fresh  organic  mixture  was  poisoned^  as  before,  with  -f^  gm. 
of  arsenious  add,  and  treated  in  the  same  manner,  being  finally 

evax)orated  to  2  fluid  os. 

One-tenth  of  this  opaque  brown  liquid  (sbO'01  gm.  A8O3)  gave 
a  very  distinct  mirror  in  less  than  6  minates,  attended  ^ith  a 
strong  arsenical  odonr. 

One-hundredth  of  this  liquid  (=  0*001  gm.  AsO,)  also  gave  a 
very  distinct  mirror  and  odour  in  10  minutes. 

Since  arsenic  is  sonu  timcs  contained  in  organic  mixtures  in  a 
form  (e.  ^.  that  of  sulphide  of  arsenic)  not  readily  soluble  iu  hydro- 
chloric acid,  it  became  necessary  to  ascertain  whether  the  solu- 
tion obtained  by  adding  chlorate  of  potassa  to^ctJicr  witli  tlie  acid, 
would  give  the  indication  of  arsenic  by  this  method  of  testing :  for 
sucli  a  Rolutiou  would  of  course  contain  the  arseuic  in  the  form 
of  arsenic  acid. 

The  experiments  made  to  determine  this  point  proved  that 
small  quantities  of  arsenious  acid  (^^^  gm-)  could  not  be  detected 
by  this  test  after  boiling  with  hydrochloric  acid  and  chlorate  of 
potassa,  unless  the  solution  had  been  digested  with  sulphuioas 
acid  in  order  to  reduce  the  arsenic  acid. 

The  behaviour  of  tersulphide  of  arsenic  was  then  examined. 

One-tenth  gm.  of  arsenious  acid  was  precipitated  as  sulphide, 
the  latter  dissolved  in  hydrochloric  add  and  chlorate  of  potassa, 
and  the  solution  evaporated  on  the  water-bath  till  the  odour  of 
chlorine  was  no  longer  perceptible.  One-half  of  this  liquid 
(as  0*06  gm.  AsOj)  was  introduced  into  the  decomposing  tube, 
but  no  indication  of  arsenio  was  obtained  in  15  minutes. 

The  other  half  was  saturated  with  sulphurous  add  gas,  digested 
for  some  time  in  ihe  water-bath,  and  evaporated  till  the  odour  ni 
sulphurous  add  had  disappeared.  On  subjecting  it  to  the  electro- 
lytic test,  a  distinct  mirror  of  arsenic  was  obtained  in  10  minutes. 

Onc-ti  iitii  grn.  of  tersiUpliide  of  arsenic  (=  0*06  gm.  As) 
dissolved  in  diluted  sulphide  of  ammonium  was  added  to  a  mixture 
of  articles  of  food  similar  to  that  previously  used,  with  the  addi- 
tion of  {r  oz.  of  strong  ale. 

The  mixture  was  digested  on  a  water-bath  with  1  oz.  of  hydro- 
chloric acid  and  3  oz.  of  water,  chlorate  of  potassa  being  added  in 
small  quantities  until  a  thin  homogeneous  iiuid  was  obtained ;  the 
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filtered  liquid  was  digested  for  lialf  an  hour  mth  a  large  excesa 
•of  a  aatnrated  aolation  of  aniplmroaB  acid,  then  evaporated  on  the 
water^bath  to  about  1|  os. 

One  half  of  this  very  nasty  brown  ayrapy  liquid  was  mixed 
with  ft  drachm  of  alcohol  and  introduced  into  the  decomposing 
oeU.  The  want  of  mobility  in  the  liquid  somewhat  retarded  the 
evolution  of  gas^  but  in  less  than  15  minutes,  the  arsenical  deposit 
eonmienced,  and  in  80  minutes,  a  very  beautiM  mirror  was 
obtained. 

In  one  or  two  of  the  experiments  with  organic  mixtares, 
minute  quantities  of  arsenic  had  escaped  detection  without  any 
assignable  cause ;  and  I  -  was  therelbra  led  to  make  some  experi- 
ments to  ascertain  whether  any  influence  was  exerted  by  a  varia- 
tion in  the  amount  of  hydrochloric  acid  present  in  the  solution. 

A  standard  solution  was  prepared  by  dissolving  1  grn.  of 
arsmious  acid^  in  1000  grns.  (by  measure)  of  hydrochloric  acid. 

10  grns.  of  this  solution  grn.  AsOg),  mixed  with  20  grns, 
of  hydrochloric  acid,  gave  a  very  distinct  crystalline  deposit  of 
arsenious  acid  in  the  tube,  but  no  sublimate  of  metallic  arsenic, 
although  a  deposit  of  arsenic  was  formed  upon  the  negative  plate. 
100  grns.  of  the  solution  (Jy  gm,  A8O3)  mixed  with  200  grns.  of 
hydrocliloric  acid,  f^avc  a  similar  result.  50  grns.  of  the  solution 
(to  g"^-  ^^s^a)*  diluted  with  100  ^rns.  of  water,  behaved  in  the 
same  way. 

In  tliese  cases,  the  arseniuretted  hydrogen  appeared  to  have 
been  converted  into  terchloride  of  arsenic,  which  was  decomposed 
by  the  aqueous  vapour  on  passing  the  heated  portion  of  the  tube, 
with  Ibriujition  of  arsenious  acid. 

Finding  that,  in  these  experiraents,  the  smell  of  clilorine  was 
distinctly  perceptible  at  the  end  of  the  evolution  tube,  and 
believing  that  the  chlorine  disengaged  at  tlie  jiositive  plate, 
diffusing  itself  through  the  liquid,  caused  the  deconqiosition  of  the 
arseniuretted  liydrogcn,  I  employed  another  apparatus,  consisting 
of  two  decomposing  cells,  separated  by  a  diaphragm  of  vegetable 
parchment. 

In  this  form  of  apparatus,  10  grns.  of  the  solution  of  ar^niious 
acid  in  hydrochloric  acid  (  =  grn.  ASO3),  mixed  with  120  {j;rns. 
of  hydrochloric  acid,  and  introduced  into  the  negative  cell  of  the 
apparatus  (the  latter  having  been  charged,  as  usual,  with  a  fluid 
ounce  of  dilute  sulphuric  acid),  gave  a  beautilul  mirror  of  arsenic 
in  two  minutes. 

YOL.  XIII.  0 
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A  mixture  of  articles  of  food,  to  which  gru.  of  arsciiious 
acid  had  been  added,  was  digested  with  a  fluid  ounce  of  hydro- 
chloric acid,  and  three  or  four  ounces  of  water;  the  filtered  solu- 
tion was  evaporated  down  to  one  (nmce  upon  the  water-bath,  and 
onc-tcutli  of  it  (=  -nroTr  S^^-  ^^^3)*  was  introduced  into  the 
appariitus  with  \  drm.  alcohol.  In  less  than  fifteen  minuteSi  a 
very  distinct  arsenical  mirror  had  been  formed. 

The  apparatus  which  was  ultimately  found  most  suitable  for 
the  detection  of  arsenic  by  electrolysis,  consisted  of  a  two-ounce 
narrow-mouthed  bottle,  the  bottom  of  which  had  been  cut  o£^  and 
replaced  by  a  piece  of  vegetable  parchment  tightly  stretched  ow 
it  and  secnred  fay  a  ligature  of  thin  platinum  wire  (even  vulca- 
niaed  cacmtchone  is  speedily  oofrroded).  The  bottle  waa  furnished 
widi  a  cork,  carrying  a  small  tubei  bent  at  zi^^  angles^  and 
connected  with  the  drawn-out  reduction  tube  by  a  ortoditclKmo 
tube ;  through  this  cork  passed  a  platinum  wire  bait  into  a  hook» 
inside  tiie  bottle^  for  suspending  the  negative  plate.  The  bottle 
was  placed  in  a  glass  of  such  a  siae^  as  to  leave  a  small  intarvid 
between  the  two,  and  this  glass  was  allowed  to  stand  in  a  hstgt 
vessel  of  cold  water;  an  ounce  of  dilute  sulphuric  add  was 
introduced  into  the  apparatus,  so  as  to  fill  the  bottle  and  the  outer 
space  to  about  the  same  level,  the  positive  plate  being  immersed 
ill  the  acid  contained  in  this  onter  space.  "When  the  bottle  had 
become  filled  with  hydrogen,  the  shoulder  of  the  reduction  tube 
was  heated  to  redness  during  fifteen  minutes,  to  ascertain  the 
purity  of  the  sulphuric  acid,  and  the  liquid  to  be  tested  was  intro- 
duced into  the  bottle,  by  means  of  a  pipette,  the  cork  being 
removed  for  an  instant;  a  drachm  of  alcohol  was  afterwards 
introduced  by  the  pipette  to  prevent  frothing;. 

In  tlie  following  cases,  the  arsenic  was  most  satisfactorily 
detected  in  this  apparatus,  the  evidence  of  its  presence  being  three- 
foldj  aud  restingy  drstly,  upon  the  formation  of  the  characteristic 
arsenical  mirror;  secondly,  upon  that  of  a  small  shining  ring  of 
crystalline  arseinous  add,  slightly  in  advance  of  the  mirror ;  and 
thirdly,  upon  the  development  of  the  peculiar  alliaceous  odour* 
iiAnr  9^*  arsenious  add  in  hydrochl(»io  solution. 
Tviww      n  9»      aqueous  sduti(m. 

1^        M         dimlvedin  120grnB.hydrooh]onoadd» 

99  n  116  99  99 

I  0^0  7  99  99  1^  99  n 

and  240  gms.  water. 
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-   ^HiMe  eiperiments  were  repeated  with  the  same  resalts. 

Experiments  were  then  made  upon  organic  mixtures  ocmtaudng. 
arwmc^  which  were  hoiled  with  hydrochloric  acid  and  chlorate  of 
potassay  the  arsenic  add  being  afterwards  reduced  to  the  arsenious^ 
by  digesting  with  snlphnnms  add^  or  better  with  a  few  drops  of  a 
strong  solution  of  bisulphite  of  soda. 

By  this  prooess^  S^^-f  '"^  ti>W  S^^*  ^  arsenious 
4undj  could  be  detected  in  an  organic  mixture  with  the  greatest 
ease  and  certainty. 

If  iSm  sulphnwue  add  be  not  entirely  expelled  after  the  reduc- 
tion, a  little  tefBidphide  of  amenie  is  deposited  in  advance  of  the 
iiBetaUie  crust. 

The  following  process  appeared  to  me  the  most  trustworthy, 
for  the  detection  of  miuute  quantities  of  arsenic  in  articles  of  Ibod. 

The  solid  matters  are  reduced  to  a  pretty  fine  state  of  division, 
mixed  with  enough  water  to  form  a  thick  gruel,  and  dij^estcd,  in  a 
a  dish  placed  on  a  water-bath,  with  about  ^  oz.  of  liydioclilorie 
acid,  for  an  hour,  powdered  cliloratc  of  potassa  beiufj  oroasionally 
added,  as  directed  by  Fresenius  and  von  Jhibo,  until  the  ori^anic 
matters  arc  disintoy:rated,  when  the  liquid  is  filtered  oil',  and 
evaporated  to  about  an  ounce  upon  the  uater-bath.  The  brown 
fluid  thus  obtained,  is  poured  into  a  flask,  and  a  few  drops  of  a 
strong  solution  of  bisulphite  of  soda  are  added  to  it,  until  it  smells 
strongly  of  sulphurous  aeid ;  the  Hask  is  tlicu  heated  in  a  water- 
bath,  until  this  odour  has  disappeared,  when  the  sulution  is  mixed 
with  at  least  an  equal  volume  of  water,  and  introduced  into  the 
apparatus  arranged  and  charged  as  abo\c,  a  little  alcohol  being 
poured  upon  the  top.  The  operation  sliould  be  continued 
for  half  an  hour  before  the  absence  of  arsenic  is  inferred. 

The  advantages  which  appear  to  me  to  belotig  to  this  mode 
of  testing,  arc,  that  it  involves  the  use  of  a  metal  which  has  never 
been  known  to  contain  arsenic ;  that  the  very  same  portion  of 
sulphuric  acid  which  is  employed  throughout  may  be  subjected 
to  the  test  for  any  length  of  time,  before  the  suspected  liquid  is 
introduced ;  that  the  evolution  of  gas  is  unit'onn  throughout  the 
experiment,  and  is  always  so  slow,  that  no  dread  of  losini:;'  the 
arsenic  need  assail  the  mind  of  the  operator ;  that  the  c\])erimeut 
may  be  interrupted  for  any  length  of  time,  ])y  breaking  the 
contact  with  the  battery,  without  the  least  injury;  that  the  foulest 
liquids  can  be  as  readily  tested  as  those  which  are  perfectly  clear ; 

c  2 


20 


BLOXAM,  ON  THfi  DfiTSCTION  OV 


and  that  the  same  portioa  may  afterwards  be  further  tested  by  any 
other  process. 

The  importance  of  this  last  consideration  was  fully  exemplified 
in  some  of  the  early  failures,  before  I  was  well  acquainted  ^Fith 
the  test,  for  I  always  succeeded  in  detecting  the  arsenic  in  the 
same  portion  of  the  liquid  by  Marsh 'a  test« 

It  is  evident,  moreover,  that  this  operation  enables  us  to  detect 
minute  qnantitieB  of  copper^  antimony,  mercury  and  bismuth,  if 
they  be  present  in  the  solution. 

On  oonsidering  the  detection  of  the  other  poisonona  metab  in 
this  way,  it  is  obrioua  that  lead  must  be  altogether  exoq^ted, 
on  account  of  the  insolubility  of  its  sulphate.  Silver  must  also 
be  omitted,  where  hydrochloric  acid  is  the  solvent;  and  baryta^ 
of  course,  would  not  be  expected  to  answer.  The  remaining 
important  poisonous  metals,  antimony^  copper,  mercury^  biamutii 
and  sine,  were  therefore  tried,  bismuth  b^ng  indnded,  on  account 
of  the  medicinal  use  of  its  compounds. 

Detection  qf  Antimony. 

1  grn.  of  tartar-emetic  (=  0-36  grn.  Sb)  dissolved  in  water, 
was  introduced  into  the  decomposing  cell.  A  mirror  of  antimony 
was  formed,  just  at  each  margin  of  the  flame  which  heated  the 
reduction  tube,  and  a  copious  deposit  of  antimony  was  £;>rmed 
on  the  negative  plate. 

gm,  of  tartar-emetic  (ss  0*036  gm.  Sb),  gave  only  a  slight 
white  incrustation,  and  no  mirror,  in  the  reduction  tube.  The 
black  deposit  of  antimony  on  the  negative  plate  was  dissolved  by 
heating  the  latter  with  a  few  drops  of  yellow  sulphide  of  asuno* 
nium;  on  decomposing  this  solution  with  acetic  add,  a  very 
distinct  orange  precipitate  of  tersuiphide  of  antimony  was 
obtained.  A  mixture  of  artides  of  food  was  mixed  with  i^  gm.  of 
tartar-emetic,  and  treated  exactly  according  to  the  process  above 
described  Ibr  the  detection  of  arsenie.  There  was  no  appearance 
of  a  metallic  deposit  in  the  reduction  tube  in  twenty  minutes  i 
but  there  was  a  thidL  coating  of  antimony  upon  the  negative 
plate,  which  was  dissolved  by  yellow  sulphide,  of  ammouium.  A 
portion  of  this  solution,  when  evaporated  in  a  watch-glass  on  the 
water-bath,  left  a  residue  having  a  decided  orange  colour. 

A  second  aud  even  a  thiid  coating  of  antimony  was  obtained. 
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by  again  iminerarmg  the  plate  for  a  few  minutes^  and  when  the 
film  was  Teiy  slight,  it  was  at  once  identified  by  the  orange  atain 
produoed,  when  a  drop  of  sulphide  of  ammoninm  was  evaporated 
npon  it 

The  resali  of  the  two  last  eKperiments,  which  was  fully  con- 
firmed in  all  sab^nent  trials,  is  a  yery  important  one,  as  showing 
that  minnte  quantities  of  antimony  are  not  nearly  so  likely  to  be 
nustaken,  even  for  a  time,  for  arsenic,  in  the  electrolytic,  as  in 
Marsh's  test,  and  this  seems  attributable  to  the  superior  electro- 
positire  tendency  of  antimony,  which  disposes  it  to  predpitate 
more  readily  upon  the  negative  plate.  In  no  case  Lave  I  failed 
to  detect  antimony  in  this  way. 

The  following  mode  of  proceeding  may  be  recommended  for  the 
detection  of  the  poisonous  metals  bv  electrolysis  : — 

The  mixture,  which  may,  of  course,  have  been  pre\'iouRly 
examined  for  organic  poisons,  by  the  usual  methods,  is  digested, 
on  a  water-bath,  with  80  much  water,  hydrochloric  acid,  and 
chlorate  of  potassa,  as  may  he  required  to  disintegrate  the  solid 
portions,  and  to  render  the  liquid  capable  of  filtration ;  the  filtrate 
is  evaporated  on  the  water-bath  to  a  small  bulk^  and  digested  in  a 
flask  with  a  sufficient  quantily  of  solution  of  bisulphite  of  soda  to 
impart  a  strong  odour  of  sulphurous  add.  The  solution  is  heated 
in  the  water-bath  until  the  odour  has  disappeared,  and  is  once 
more  concentrated,  if  necessary^  by  evaporation.  It  is  then  diluted 
with  a  volume  of  water,  equal  to  at  Uait  twice  that  of  the  hydro- 
diloric  acid  present,  and  introduced  into  the  decomposing  cell, 
enough  alcohol  being  poured  upon  it  to  prevent  any  inconvenient 
frothing.  The  passage  of  the  current  having  been  continued  for 
alx)ut  an  hour,  the  negative  plate  is  withdrawn,  washed,  and  boiled 
in  somewhat  dilute  yellow  sulphide  of  ammonium  for  a  minute  or 
two.  This  solution  is  tlicn  evaporated  in  a  watch-glass,  placed  on 
the  watcr-bath,  and  the  orange  residue  of  sulphide  of  antimony 
identified  by  the  usual  tests.  The  platinum  plate  having  been 
again  washed,  is  boiled  in  a  few  drops  of  concentrated  nitric  acid, 
to  which  a  drop  of  dilute  hydrochloric  acid  should  be  added,  to 
disserve  the  sulphide  of  mercury.  The  acid  solution  is  boiled 
down  in  the  test  iuhe  to  a  small  bulk,  and  mixed  with  an  excess 
of  ammonia^  when  the  presence  of  copper  will  be  rendered  evident, 
and  the  teroxide  of  bismuth  will  be  precipitated,  together  with  a 
little  jHomomo* chloride  of.  platinum.    This  predpitate  when 
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dissolved  in  hydrochloric  acid,  evaporated^  and  Inrgi^y  dilntedj 
will  present  the  indication  of  bismuth.  The  filtered  ammoniacal 
liquid,  acidulated  with  hydrochloric  acid^  and  hoiled  with  daan 
copper,  affords  the  usnal  evidence  of  the  presence  of  menmry . 

Of  the  metals  above  mentioned,  mercury  was  found  to  be  the 
only  one  which  interferes  with  the  detecticm  of  arsenic. 

If  this  metal  be  detected,  the  liquid  taken  from  the  deoompoaing 
cell  (or  a  fresh  portion  of  the  oii|B^nal  hydrochloric  aohitioii),  miqr 
be  distilled,  aoooiding  to  Dr.  Odling's  iieoommendation»  in  order  to 
separate  the  arsenic  from  the  meroory. 

The  residue  may  still,  if  the  analyst  deem  it  expedient,  be 
further  dealt  with  by  iucineratiou  or  otherwise,  for  the  detection 
of  other  metals. 


V. — On  the  CompoHiion  qf  Air  from  Mont  BUmc, 
By  Da.  £.  F&ankland,  F.E.S. 

Ths  greatly  increased  perfection  of  gasometric  analysis  and  the 
numerous  minute  investigations  made  by  Eegnault,  Bunsoa 
and  others  during  the  past  ten  or  fifteen  years,  have  rendered  our 
knowledge  of  the  composition  of  atmospheric  air  CKoeedingly 
complete,  as  far  at  least  as  its  two  chief  constituents  are  concerned.' 
The  earliest  analyses  of  air  led  chemists  to  believe  that  the  rela- 
tive proportions  of  these  constitaents  were  linble  to  very  consider^ 
able  fluctuations.  As  the  processes  employed,  however,  became 
more  accurate,  these  disor^ancies  gradually  disappeared;  until,  at 
length,  carefully  conducted  experiments  showed  an  apparent  nnl- 
fbrmity  in  the  composition  of  samples  of  air  taken  from  the  most 
widely  diffierent  localities;  but  it  remained  for  subsequent  and  far 
more  delicate  methods  of  research  to  demonstrate  that,  notwith- 
standing these  apparently  accordant  results,  the  composition  of  the 
atmosphere  does  in  reality  exhibit  certain  fluctuations,  confined, 
however,  within  very  narrow  limits. 

The  first  series  of  experiments  belonging  to  the  latter  category, 
and  which  may  be  said  to  have  first  established  the  variability  of 
the  pcrc6ttta|;e  of  atmospheric  oxygen,  are  those  of  i^unsen,  made 
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upon  samples  of  Mr  ooiOficted  it  Marboig  on  ten  diflbrent  d&ja, 
and  exhibiting^  when  freed  from  carbonic  add,  a  percentage  of 
oxygen  varying  from  20*973  to  20*840,  whilat  no  two  analyses 
of  the  same  sam^e  dilBwed  more  than  *03i  per  cent,  from  each 
other. 

Then  IbUowed  a  most  elaborate  series  of  detenninations  by 
Begnanit,  begun  in  December,  1847,  upon  the  air  of  'Bkom,  and 
continued  in  January,  1848.  The  yariations  in  the  percentage 
of  oxygen  here  observed  were,  in  Becember,  1847,  from  20*90  to 
21*00,  and  in  January,  1848,  from  20-89  to  20-99. 

Lewy  collected  air  near  the  surface  of  the  sea,  on  the  18th 
December,  1847,  at  3  p.m.,  in  lat.  21°  9  N.  and  long.  42°  52'  W. 
Qf  Paris,  temperature  2i'  C.  and  found  it  to  contain  : — 

Nitrogen  .  .  .  78*886 
Oxygen  •  21*060 

Carbonic  Add    .      .  *064 


lOOOOQ 

Another  specimen  collected  December  4th,  1847,  at  3  a«h.  in 
lat.  47°  N.  and  long.  Id^'  W.,  temperature  IS**  C.  contained  .*^ 

Nitrogen  ,  .  .  79*006 
Oxygen  .  .  ,  20-961 
Carbonic  Acid    .      •  *03d 


lOOOOQ 

A  large  number  of  analyses  by  the  same  chemist  demonstrate 
that  the  air  near  the  surface  of  the  sea  contains  about  the  same 
proportion  of  carbonic  acid  as  that  resting  upon  the  land,  and 
that  the  sea  air  is  richer,  both  in  oxvfren  and  carbonic  acid 
by  day  than  by  night;  a  fact  which  he  explains  by  assuming 
that  dissolved  air  is  liberated  during  the  day  from  the  heated 
surface-layer  of  the  ocean,  such  dissolved  nir  l)eiiiLS  as  is  well- 
known,  much  richer  than  atmospheric  air  in  the  two  erases 
just  named.  JiCw'y  also  made  a  very  extended  series  of  aiiiilysos 
of  air  collected  at  New  Granada  and  Hofrota,  duriiii,^  thi;  dry  and 
rainy  seasons.  The  mean  .of  eleven  analyses  of  air  irom  New 
Granada  ga^e: — 
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Nitrojj;eu  .  .  ,  78*946 
Oxygen  .  .  .  21014 
Carbonic  Acid  .  '04O 


100000 


Analyses  of  air  from  Bogota  collecterl  diiriii|^  the  drj  and  ramy 
seasons  gave  the  following  mean  numbers : — 

Dry  Season.  Sainy  Season. 

Nitrogen      .      .    78932  78*966 

Ox7gen.            .  21-022  20*996 

Carbonic  Add      .      -046  "OSS 

100*000  100-000 


On  soTiic  occasions,  tlie  air  of  New  Grenada  was  found  to  con- 
tain as  much  as  O  'tO  per  cent,  of  carbonic  acid,  on  which  occasions 
the  percentage  of  oxygen  fell  as  low  as  20-331.  This  abnormal 
composition  is  ascribed  to  volcanic  eruptions  and  extensive  confla- 
grations. In  nearly  all  cases^  Lewy  seems  to  have  found  that  an 
increased  amount  of  carbonic  acid  in  the  air  was  accompanied  by 
an  increase  in  the  percentage  of  oxygen. 

Messrs.  H.  and  A.  iSchlagintweit  determinedi  by  weighings 
the  amount  of  carbonic  acid  in  the  air  at  great  elevations  in  the 
Eastern  Alps  by  absorption  with  potash ;  but  as  the  increase  in 
weight  of  the  potash  apparatus  was  only  from  3  to  6  milligrammes 
in  each  experiment^  and  as  the  two.  weighings  were  made  at 
Intervals  of  nearly  two  months,  these  determinatiGns  can  only  he 
regarded  as  approximatiye.  Messrs.  Schlagintweit  found  the 
volume  of  carbonic  add  to  vary  from  *082  to  *058  per  cent.  Up 
to  an  altitude  of  11,048  feet,  they  found  a  gradual  increase  of 
carbonic  add,  but  at  this  elevation  they  concdved  that  a  constant 
maximum  was  arrived  at.  In  some  later  experiments  on  the  air 
of  Monte  Rosa,  at  heights  varj-iug  from  13,374  to  13,858  feet, 
the  same  experimenters  found  a  mean  percentage  of  carbonic  acid 
equal  to  '079  and  a  niaxiinum  of  '095. 

In  the  year  1B52,  M.  Regnault  published  an  extensive  series 
of  determinations  of  the  percentage  of  oxygen  in  samples  of  air. 
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depriyed  of  carbonic  acid,  from  different  localities.  The  following 
i&  a  condensed  summary  of  hi»  results : 


PeiMntagtt  of  Oxygen. 

a 

100  spedmeDS  horn  Pazis  and  neighbonrliood 

/IQilQ 

(1d4o  •       .       •  • 

2<l*91o 

20*999 

9 

99 

„  Jjyons^  Montpemer  ft  St. 

Martin-aux-Arbre8 

20-918 

20-966 

80 

„    Berlin  (1848  &  1849) 

20*908 

20*998 

10 

» 

„    Madrid  (1848) 

20-916 

20' 982 

„    Geneva,  Mont  Saleve  and 

Mont  Buet . 

20-909 

20-993 

15 

n 

Toulon,  the  Mediterra- 

nean and  Algiers 

20-912 

20-982 

5 

99 

taken  during  a  voyage  from 

Liverpool  to  Vera-Cruz 

20*918 

20*965 

I 

99 

firom  Guallalambay  South  Ame- 
rica .... 

20*960 

2 

99 

„   the  summit  of  Pichiucha 

(15,924  feet)  . 

20-949 

20*988 

In  tJuB  investigaiion,  a  few  remarkable  deriatioiu  from  these 
nomal  amounts  of  oxygen  were  ohsenred^  yis. 

Pezcentsge  <if  OzTgen. 

Air  collected  in  the  Harbour  of  Algiers;;  June 

5th,  1851    20-42  20-395 

Air  from  Bay  of  Bengal,  February  lat,  1849    .    20*46  20*45 

Air  from  Ganges,  March  8th,  1849.  Tempera- 
tote  85*"  C,  foggy  weather,  much  decompos- 
ing mgaaic  matter  in  the  water.  CSom- 
menoement  of  an  outbreak  of  cholera  ,      .   20*390  20*887 

It  would  be  interesting  to  know  how  far  these  results  were  really 
abnormal,  as  regards  the  relative  proportions  of  oxygen  and  nitro- 
gen, since  it  is  not  improbable  that  the  apparently  small  per- 
centage of  oxygen  indicated,  was  in  reality  due  to  the  presence  of 
gaseous  organic  matters  in  larger  quantity  than  usual ;  the 
ignition  of  these  with  excess  of  hydrogen,  in  the  mode  adopted  in 
these  analyses  would  have  the  effect  of  converting  the  carbon  of 
such  or<4;anic  matters  into  carbonic  oxide,  thus  diminishing  the 
contraction  of  volume  on  explosion  and  consequently  the  apparent 
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percentage  of  oxygen.  Should  such  abuormal  s|x;cimens  of  air  be 
again  encountered,  it  would  be  desirable^  subsequently  to  the 
analysis  made  in  the  usual  manner,  to  i<riiitc  other  portions  of 
^them  with  an  equal  volume  of  mixed  electrolytic  gases,  so  as  ta 
convert  the  carbon  of  any  organic  matter  that  might  be  present 
into  carbonic  add  which  could  then  be  eatiinated  in  the  nsoal 
manner  by  abeorptioi^  with  potash. 

Dr.  Miller  ezamhied  air  collected  during  a  haUoon  woent  m 
August^  1852,  at  a  height  of  18,000  feet,  and  also  a  sample 
collected  near  the  anrfaoe  of  the  eurth  at  the  same  time,  with  the 
IbUowing  results: 

Air  from  altitude        Air  near  the 
of  18,000  feet.  earth. 

Percentage  of  Oxygen  .      .   20*88  20  92 

After  these  numerous  and  minute  analyses,  establishing  as  they 
do,  with  few  exceptions,  the  sli«rht,  but  still  undoubted,  variations 
in  the  relative  proportions  of  the  two  chief  atmosplierie  jrases,  any 
further  contributions  to  this  parti(iular  branch  of  our  knowledge 
can  only  be  of  comparatively  small  value.  Nevertheless,  as  an 
apportunity  was  afforded  me  for  collecting  specimens  of  air  whilst 
accorapanj-ing  Dr.  Tyndall,  during  the  past  summer,  in  his  ascent 
.of  Mont  Blanc  for  the  establishment  of  thermometric  stations,  I 
did  not  regard  a  few  forther  experiments  upon  air  from  great 
altitudes  as  entirely  superfluous;  since  the  discovery  of  the  causer 
determining  the  variations  in  the  composition  of  the  atmosphere  will 
probably  only  be  arrived  at  by  the  accumulation  of  vast  numbers 
of  observations  made  at  various  points  at  and  above  the  earth's 
smribce.  It  will  also  be  perceived,  on  reference  to  the  varions 
analytical  results  above  given,  that,  with  the  exception  of 
H.  Lewy,  no  experimenter  has  made  contemporaneous  determi- 
nations of  the  three  chief  gaseous  constituents  of  the  air;  and  I 
was  therefore  anxious,  if  poj^siblc,  to  render  these  samples  avail- 
able for  the  determination  of  caibonic  acid,  as  well  as  of  the  two 
other  chief  gases. 

The  very  minute  cliaiiges  of  vohime,  which  the  instrument  I 
use  for  gaseous  nnalysis  is  capable  of  registering,  led  me  to  hope 
tliat  it  might  not  l)e  impossible  to  make  direet  determinations  of 
carbonic  acid  in  the  few  cubic  inehes  of  air  wliieh  are  usually 
sealed  up  for  analysis  ;  and  a  number  of  estimations  of  the  carbonic 
acid  in  air,  collected  at  St.  Bartholomew's  Hospital,  proved  that 
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this  gaa  can  be  thus  estimated^  by  absorption  with  caustic  potasb* 
Sodi  an  amount  of  air  wm  taken  for  eads  determination^  as  was 
Cl^ble  of  supporting  a  column  of  mercury,  from  600  to  800 
millimfttewi  high,  which  rendered  any  diminution  of  vulumc^  to 
iiMataot  of  about  fiAnr  distinctly  appieciable.  The  following 
molto  were  obtained^  llioae  on  'the  d6th  of  January,  being  seyeu 
ancceariye  determinatkms,  extending  over  about  three  hours : 


Date. 


Percentage  of 
Carbonic  Acid. 


7, 

J  859 

.  -042 

10, 

1860      .  •  . 

> 

.  -077 

»  • 

-098 

99 

99     *        •  • 

.  -087 

99- 

.            .  -098 

99 

J»              •  • 

.  085 

99 

99 

.  -098 

99 

V 

.  -110 

t 

99 

99              •  • 

.  -101 

Although  it  cannot  be  doubted  that  there  arc  otlicr  methods 
by  which  carbonic  acid  can  be  more  minutely  and  accurately 
determined^  whenever  they  can  be  carried  out  with  the  usual 
conyeniences  of  a  laboratcny  at  hand^  yet  it  is  yery  questionable^  - 
whether  any  of  these  processes  can  riyal  this  purely  eudiometrical 
one^  in  cases  where  the  operations  have  to  be  performed  in  the 
midst  of  all  the  inconyeniences  attenditafg  aii  experimenter  at 
great  altitudes.  Any  such  esthnations,  inVcdying  the  weighing  of 
potaah  tubes  at  interyals  of'  beyeral  days,  or  eyen  weeks,  are 
obnonsly  not  worthy  of  implicit  confidence.  In  the  aboye  mode 
of  determination,  the  actual  change  of  yolume,  self-corrected  for 
taopeMiture,  aqueous  yapoinr,  &e.,  being -actually  observed'  by  {he 
operator^  an  error  exceeding  '01  ^  cent.,  is  probably  rarely  or 
never  committed. 

In  the  following  analyses  of  air  from  Mout  Blanc,  the  carbonic 
acid  was  absorbed  by  a  single  drop  of  coiiceutratcd  solution  of 
caustic  potash,  and  the  oxygen  was  then  determined  by  exploding 
the  residual  gas  with  excess  of  cicctrolytically  prepared  hydro^^cn. 

Specimen  collected  at  the  Grands  ^Inlets  (altitude  11,000  feet), 
Auf^tist  20th,  1859,  at  6*45  r.M.  Wifid,  n9rth,  \mX  falling,  but  a 
moderately  dear  sky. 
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M$HmailM  qf  Cmrbome  Acid. 


1. 


Obt.  ToL 

Air  used  .  .  •  .  •  539'5 
After  ftbiofptioii  of  carbonic  acid  .  688*9 


EstinuUums  qf  Oxygen, 

n. 


Air  used       .       .       .  . 

After  admission  of  hydrogen  . 
After  explosion     .  . 


Oba.  ToL 

290-8 

48G-5 


Tempentore  C. 
5-2* 

5-2^ 
5-2** 


UL 


Airused 

After  admisaum  of  hydrogen 
After  ezpkeion 


OUltoL 
248-7 
443-8 
288-7 


Tonpentim  GT 
6-2** 

6-2' 


Pereenlage  Composiimi, 


Nitrogen     •      •  • 

Oxygen 

Carbonic  add  0*111 


II. 

79-096 
20*708 


in. 
79124 
20-765 


Mean. 
79110 
20*779 
111 

100000 


Specimen  taken  at  tlic  summit  (altitude  15,732  feet),  Au^^ust 
21st^  at  8*45  a.m.  AVind,  north;  weather  brij^lit  and  sunny;  air 
filled  with  partidea  of  snow  whirled  up  hy  the  wind. 


EitianUion  of  Carbome  Acid, 
I. 

Obs.  voL 

Air  used   326*1 

After  absorption  of  carbonic  acid  .  325*9 


Temperature  0. 
5-2° 
6*2° 
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BiHmatioru  qf  Oxygen, 

n. 

Obs.  ToL  Temperature  0. 

Air  used  IGG  S  5  3° 

After  admission  with  hydrogen  •  273*0  5-3° 
After  explosioii    .      •      •      •    168*  1  5*3^ 


XIX. 

01»  TOL        Temperaim  0. 
Alrnaed  ISQ-O  S'S^* 


After  admimon  of  hydrogen .  .  802-7  6*8<^ 
After  eiplonon    .      •      •      .  2027  5^ 


Perctniage  ComposUion, 

i>            Ht            iiL  XeML 

Nitrogen     .      ..        78*969      78*968  78-969 

Oxygen                      20-950      20951  20*950 

Carbonic  add    0-061  '061 


100  000 

Specimen  collected  at  Chamonix  (altitude  3000  feet),  August 
23rd^  at  2  p.m.    Wind  north ;  sky  clear. 


JSstimaiiim  qf  Carboaie  Acid. 
I, 

Ob«.  voL         Uiinperature  OL 

Air  used   474*1  5-4'* 

Afier  absoiption  of  carbonic  acid  •   473*8  5*4° 


EiimaiUmi  qf  Ospffen, 
II. 

Oba.  voL  Ttmperattue  0. 

Airnaed  .  .  .  .  .  255*6  50° 
After  admiaaion  of  bydrogen  •  •  455-8  5*0° 
After'explotton    .      •      .      .  295*5  5*0» 
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III. 

Obfl.  Tol.  Tempei»(aie  0. 

Air  used  217*4  5<f 

After  admission  of  hydrogeu  .       .    377*3  5*0° 

After  explosion     ....    241*1  5  0^ 

Percentage  qf  Composition, 

J,               11.  Mean. 

Nitrogen      .                .79015       79*007  79*056 

Oxvf-en                         20-892      20*870  20*881 

Carbonic  add      '068                      ..  *063 


100*000 


So  far  us  the  iiitrogcu  and  oxygen  are  concerned,  the  composi- 
tion of  those  samples  of  air  falls  within  the  limits  of  variation 
noticed  by  former  experimenters  ;  hiit,  although  the  comparatively 
high  percentage  of  carbonic  acid,  at  the  Grands  Mulcts,  confirms 
the  observations  of  the  Messrs.  Schlagintweil^asto  the  presence 
of  a  larger  amotint  of  this  gas  at  great  eleyations,  yet  the  dimina- 
tion  of  the  quantity  to  about  the  nomtal  i^f^a^I"^  iqion  the 
summit,  shows,  either  that  this  gas  attains  a  maximum  at  a  height 
of  abont  1 1^000  &et^  and  again  diminishes  above  this  altitude,  or, 
as  is  mnch  more  probable,  the  percentage-  of  carbonic  add  is 
generatty,  hU  not  moariably,  greater  in  the  higher  nylons  of  the 
atmosphere.  These  results  also  exhibit  a  corrdation  between 
atmospheric  oxygen  and  carbonic  add,  for  when  the  one  increases 
the  other  diminishes, — a  &et  which  will  be  better  seen  from  the 
following  comparison : — 

* 

Percentage  of     Mean  percentage  of  oxygen, 
carbonic  acid,    in  air  free  from  carbonic  Add. 

Grands  Mulcts     :  -Ill      '       '      20  802 

Summit   "    .  .    -061  20*963 

Chamounix  .       .       .    '063  20-89^ 

This  result,  if  it  be  confirmed,  cannot  be  regarded  as  altogether 
unexpected,  when  we  consider  the  effects  of  vegetation,  combus- 
tion,, and  respiration  npon  the  constituents  of  the  atmosphere; 
Wtboth  this  and  the  cqmpaivitiTe  amount  of  carbonic  acid  at 
great  altitudes,  are  problemis,  the  solution  of  which  must  be  left 
to  future  and  more  extended  inquiries. 
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VI. — On  Refining  Gold  when  alloyed  with  Tin  or  Antimony,  so  as 
io  render  U  fit  for  the  purposes  of  Coinage, 

Bt  Bobeet  Wasinoton. 

Towards  tlic  latter  end  of  the  year  1857,  I  received  from  the 
Australian  Bank,  a  specimen  of  bar-gold  for  analysis,  which  was 
stated  fo  liavc  been  obtained  from  the  quartz-crushing  process. 
On  the  exterior,  or  what  had  been  the  surfaces  of  the  origiiuil  bar, 
it  presented  the  general  appearance  of  a  golden  hue^  though  perhaps, 
an  experienced  and  critical  eye,  might  have  considered  it  a  little 
paler  than  pure  gold.  Interiorly,  or  on  the  broken  surface,  however, 
it  had  a  crystalline  stmcture  of  a  greyish  yellow  colour.  It  was 
very  brittle  and  votten,  and  by  analysis,  yielded  the  following 
Tesidts  on  the  100  parts.  . 

Gold  .  ,  92-50 

Silver  .  .  4'60 

T^m  .  2*00  with  a  trace  of  antimony 

Copper  .  0*75 


.  99-76 
Loss     .  0-25 


100-00 


I  have  been  informed  that  nnmerous  bars  of  this  white  and 
brittle  gold,  had  arrived  in  this  country  from  Australia,  and  had 
pansed  mnoh  trouble  and  annoyance  to  the  refiners,  mdtersy  and 
also  to  the  Mint  officers,  as  it  will  be  evident,  that  the  nature  of 
the  alloying  metals  is  not  rendered  apparent  in  the  ordinary  mode 
of  assay,  by  the  processes  of  cupellation  and  quartation,  they  being 
joiidised,  dissolved,  and  carried  into  the  cupel  with  the  lead ;  and 
that  therefore,  in  the  after  larger  operations  of  melting,  when  the 
gold  passes  forward  for  the  purposes  of  coinage,  the  existence  of  the 
tin  and  antimony  not  having:  been  discovered,  is  not  provided  for, 
and  consequently,  lioiu  the  briLtle  iiaturr  of  tlic  alloy,  tlie  subse- 
quent processes  of  rolling,  to  which  it  has  to  be  subjected,  are 
rendered  inipraetieable.  I  am  informed  that  about  47,0()0  ounces 
of  gold  bars  liave  in  this  condition  been  returned  to  the  Bank  of 
England  anthoritifis  from  the  Mint,  as  uniitted  tor  the  purposes  of 
coinage. 
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A  short  time  after  the  foregoing  examination  was  completed  and 
reported  on,  I  received  another  specimen  of  this  brittle  gold  for 
analysis,  through  other  parties.  This  second  sample  presented 
somewhat  the  same  appearances,  both  externally  and  internally,  as 
the  one  just  described,  being  perhaps,  a  little  whiter  in  its  colour, 
and  more  rotten  or  firiablie  ia  texture.  Jt  yielded  by  analysis^  ou 
the  iOO  parts 
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An  interesting  question  arises  from  the  above  resolts  as  to  the 
origin  of  these  injurious  alloying  metals  ;  do  they  occur  associated 
with  the  gold^  or  are  they  introduced  dunng  the  melting  process? 
As  regards  the  first,  we  know  that  in  stream  works,  gold  and  oxide 
of  tin  are  commonly  found  associated,  as  is  the  case  in  Ceylon,  in 
Cornwall,  and  other  districts.  We  know  also,  that  considerable 
quantities  of  stream-tin  are  brought  from  Australia.  The  presence, 
thercfor(\  of  that  metal  in  small  quantities,  as  an  alloy,  in  tlie  re- 
sulting gold  bars,  might  be  almost  anticipated.  But  this  view  of 
the  case  does  not  account  satisfactorily,  for  the  other  alloying 
metals  found  in  the  second  analysis,  particularly  the  antimony. 
My  own  impression,  derived  from  a  careful  examination  of  the 
specimens  Aid  the  foregoing  results,  is,  that  they  are  introduced 
during  a  rough  process  of  refining,  through  the  employment  of 
sulphnret  of  antimony,  and  that,  for  want  of  efficient  managementi 
the  operation  has  been  imperfectly  cairied  out. 

The  nse  of  snlphoret  of  antimony,  fbr  the  pnrpose  of  refining 
gold  and  raisiiig  its  standard,  is  so  wcJl  known,  that  I  need  hardly 
dilate  npon  it ;  suffice  it  to  say,  that,  if  saocessfuUy  applied,  it 
converts  the  iron,  rani^  tm,  &c.,  that  may  be  present,  and  much 
of  the  silver,  into  the  form  of  sulphurets,  which  float,  in  their 
melted  state,  upon  the  sorfaoe  of  the  gold ;  a  portion  of  the 
antimony  at  the  same  time  alloying  with  that  metal.  Tliis 
antimony  should,  of  course,  be  ailcrwaids  removed  by  a  second 
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operation.*  From  a  sj[>ecimeu  wliich  lias  since  come  into  my 
possession,  it  will  be  seen  that  the  particles  of  gold  dust  have  been 
so  imperfectly  melted,  before  running  into  bars,  tluit  many  of  them 
are  still  visible  in  their  flattened  and  rounded  forms,  and  must 
therefore  have  remained  suspended  in  the  melted  alloy.  I  feel  that 
this  explanation  of  the  source  of  the  alloying  metals  is,  therefore,  to 
some  extent  substantiated,  as  a  want  of  a  sufliciently  high  and 
continued  heat  would  leave  the  gold  very  much  in  the  state  above 
described. 

On  delivering  the  report  of  this  second  analysis  to  the  parties 
from  whom  I  had  reoetved  the  sample,  they  were  anxious  to  know 
if  I  conld  suggest  to  them  a  method  by  which  these  injnrions 
aOoys  oonld  be  removed^  and  the  gold  rendered  capable  of  being 
roiled  or  hammered,  without,  at  the  same  time,  greatly  increasing 
the  expense  of  the  operations,  or  entailing  a  loss  of  the  gold. 
I  was  in  consequence  induced  to  turn  my  attention  to  the 
effecting  of  this  desirable  object.  The  proper  resolution  of  this 
proUem  required  a  little  consideration,  inasmuch,  as,  although  it 
was  evident  that  it  must  be  accomplished  by  a  process  of  oxida- 
tion, to  bum  out,  as  it  were,  the  antimony  and  tin  ;  yet  it  was 
also  necessary  that  the  oxytren  should  be  applied  to  the  alh)yed 
gold  while  the  metal  was  in  its  fluid  state,  and  also  that  the  oxidiz- 
ing agent  should  not  part  with  its  oxygen  simply  by  the  high 
temperature  to  which  it  would  be  subjected. 

Nitrate  of  ])otash  I  was  informed  had  been  suggested,  tried  and 
failed,  although  a  very  large  percentage  had  been  used;  experi- 
ments in  that  direction  were  therefore  considered  unavailable,  and 
my  attention  was  consequently  turned  to  the  employment  of 
metallic  oxides  having  a  weaker  afiinity  for  oxygen,  at  these  high 
temperatures,  than  the  metals  which  it  was  required  to  remore 
fiom  the  contaminated  gold. 

After  a  few  experiments,  all  of  which  were  more  or  less  success- 
fill,  I  succeeded  in  obtaining  the  desired  result,  and  submitted 
Ibr  the  consideration  of  the  parties  concerned,  a  simple  process, 
which,  from  their  Hbersiity,  I  was  enabled  at  the  time  to  com- 
municate  to  sereral  friends  interested  in  such  matters,  *  and 
whiob  I  also  desire  now  to  lay  before  the  members  of  the 
CheudrtX  Society.  The  process  consists  in  the  employment 
of  oxide  of  copper,  about  10  per  cent,  of  which  is  to  be  added 


•  Since  making  this  communication,  I  have  been  informed  that  sulphate  of 
amtuiiony       i3omelimc«  occurs  in  association  with  ualivu  gold  in  Australia. 
VOL.  XILL  D 
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ta  the  alloyed  gold,  with  the  additioa  of  a  small  quantity  of 
boraXj  and  the  wholo  maintained  in  a  well  fused  state  for 
about  half  an  hour.  Tlio  resolt  is  a  perfectly  malleable  gM 
oontaiiiing  a  small  percentage  of  metallic  cc^per,  and  well  fitted 
for  the  porposei  of  coinage.  The  proportion  of  oxide  of  copper 
used  mnat  of  comae  greatiy  depend  on  the  percentage  quantity 
of  the  oxidaUe  metal  requiring  to  be  removed ;  but  I  belieye^  from 
the  qpecimena  which  I  have  worked  oa,  that  it  never  need  exceed 
the  10  per  cent.  Oxide  of  manganese  might  be  employed  to  effiBCt 
'  the  same  purpose ;  but  I  found  that  the  fbsibility  of  the  cadde  of 
copper  and  its  powerftil  fiuxiuf^  properties,  rendered  its  action 
much  more  efficieut  and  complete,  from  its  flowing  continually 
over  the  surface  of  the  molten  gold,  and  tlius  tlior(3u;:^hly  oxidizing 
and  removing  the  tin  and  antimony  from  their  combination.  As 
thus  conducted  the  rcsultinnj  alloy  should  alwavs  be  better  thaa 
standard,  unU  ss  the  baser  metals  occur  in  very  large  proi>ortion. 

By  tlic  action  of  nitro-hydrochloric  acid  upon  tlicse  samples  of 
alloyed  gold,  the  resulting  solution  dci)osited  on  eooling  l>cautiful 
crystals  of  chloride  of  silver;  and  I  may  be  allowed  here  to  mention 
a  very  curious  case  of  the  same  kind,  but  to  a  much  greater  extent, 
which  was  brought  under  my  uotice  some  time  since,  by  the  lato 
Mr.  Maurice  Scanlan.  It  appeared  from  his  statement^  that  he 
had  been  requested  to  obtain  the  gold  firom  a  beautifully  wrought 
and  small  sized  rope-chain,  of  Indian  manufacture ;  and  on  submit- 
ting it  to  the  action  of  nitro-hydrochlorie  aeid  for  this  puipoae,  he 
found  that  it  did  not  dissolve ;  and  although  he  obtained  some  gold 
in  solution,  yet  the  form  and  size  of  the  delicate  fkbric  remained 
unaltered ;  it  had  beoome,  however^  very  brittie  and  rotten,  and  waa 
of  a  dingy  brown  odour.  It  was  submitted  to  me  for  examination 
by  the  microscope^  and  when  aulgected  to  this  iscrutiniiing  agent^ 
it  was  at  once  evident  what  had  taken  plaoe^  and  of  what  the  chain 
had  been  composed.  It  consisted  almost  entirely  of  ohloride  of 
sihrer,  beautifully  crystallised  on  the  surface  or  strands  of  therope^ 
and  havings  in  the  cross  section^  a  radiating  siructnre  irom  the 
interior  to  the  circumference,  the  central  core,  in  some  fragments, 
exhibiting  still  a  portion  of  the  original  alloy  from  which  the  gold 
had  not  been  removed,  it  having,  most  probably,  been  protected 
from  the  action  of  the  acid  by  the  comparatively  thick  coating  of 
chloride  of  silver  which  had  been  formed  around  it. 
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VI. — On  wm$  Derkfotweijrom  the  Okfinu. 

11. 

TB9  terms  Uoi^  and  idiotype,  isotypic  and  idiotypic  may  be 
idvantageoudiy  adopted  to  denote  bodies  vhich  belong  to  similar 
types,  oar  to  the  same  one,  and  the  relations  which  such  bodies 
bear  to  one  another.  The  application  of  these  expressions,  which 
are  almc^t  sclf-cxplicatoiy,  is  best  seen  in  examples, 

A  body  is  idiotypic  with  all  its  replacement  derivatives ;  the 
latter  are^  of  course^  idiotyjj^c  with  one  another ;  the  whole  are 
idiotypes. 

Bodies  belonging  to  the  same  chemical  series  are  isotypic  with 
one  another  or  are  isotj-pes.  Hence 

(1.)  The  idiotypes  of  the  same  body  are  idiotyp^  of  0JU9. 
another. 

(2.)  The  isotypes  of  the  same  body  are  isotypes  of  one  another. 

(3.)  The  idiotypes  of  the  same  body  are  isotypes  of  the  idiotypes 
of  an  isotypic  body. 

(10  The  isotypes  of  the  same  body  ace  isotypes  of  the  idiotypes 
of  an  idiotypic  or  isotypic  body. 

la  a  pi^  lead  befove  the  Chemical  Society  (Maioh  8rd,  1859,), 
1 4e8erlbed  the  formatioii  and  some  of  the  properties  of  the  bodies. 
C4H4CljSa,  CioIIio^^li^i.  Ci.lI^^ClSa  and  of  some  derivatiyea 
obta^ied  firom  them.  I  purpose  now  resuming  the  consideratian^ 
cf  tlue  intenesting  dass  of  bodies  obtained  by  the  action  of  the  two 
ehkmdes  of  sulphur  upon  the  defines^  and  rendering  their  history 
somewhat  more  complete,  before  discussing  the  behayiour  of  the 
other  compound  halogens  towards  the  same  hydrocarbons. 

In  the  paper  referred  to,  it  wa^  a.sr>ertcd  that  bisulphide  of 
chlorine  is  without  action  upon  ethylene  at  tempi  ratures  between 
0°  and  100°  C.  The  hope  was,  however,  expressed  that  the  two 
mijrht  combiue  direetlv,  as  is  the  ease  with  amylenc,  it*  they  were 
subjected  to  increased  pressure.  I  have  since  fcjund  that  evcu  at 
ordiuary  pressures,  an  increase<l  temperature  is  suilicient  to  deter- 
mine chemical  recomposition ;  and  from  analogies,  afterwards  to  be 
pointed  ont.  I  conolode  that  the  most  probable  interpretation  of 
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such  Teoompontion  is  the  direct  union  of  the  two  xeagents,  ethylene 
and  hiBnlpldde  of  chlorine,  and  the  aimnltaneons  deoompontion  of 
the  product  formed. 

Action  pf  bisv^Mde  of  chlorine  tgnm^  ethplene.^HhreB  or  iomr 
ounces  of  hisulphide  of  chlorine  are  brought  into  a  retort  of  two 
or  three  pounds  capacity.  The  retort  is  connected  with  an 
inyerted  condenser,  and  through  a  tube^  passing  through  the 
tubnlus  into  the  Usolphide,  a  rapid  current  of  pure  dry  ethylene  is 
allowed  to  pass.  On  heating  the  bisulphide  to  ebullition,  the  two 
substances  are  brought  to«jether  in  a  gaseous  state  at  a  tempera- 
ture of  about  139°  C;  a  condition  which  a[)[)cars  greatly  to  pro- 
mote their  reaction.  After  about  200  litres  of  ethylene  have 
passed  throu«:h,  the  liquid  which  has  deepened  in  colour,  is  trans- 
ferred to  a  smaller  retort  and  heated  till  the  lx)iling  point  rises  to 
180°  C.  During  this  distillation,  as  well  as  during  the  passage  of 
the  ethylene,  a  disengagement  of  hydrochloric  acid  takes  place. 
On  allowing  the  residue  in  the  retort  to  cool,  a  considerable 
quantity  of  sulphur  separates  out.  The  distillate,  which  contains 
only  a  small  quantity  of  substance  undecomposible  by  water,  may 
be  employed  in  subsequent  operations.  In  order  to  free  the 
organic  compound  in  the  unvolatilized  residue  firom  still  adhering 
bisulphide  of  chlorine,  it  is,  after  separation  from  the  sulphur, 
digested  for  many  hoars  with  water  at  80^  After  fresh  portions 
of  water  no  longer  become  acid,  the  residue,  which  is  pasty  and 
opaque,  is  allowed  to  stand  for  two  or  three  days  in  contact  with 
dilute  canstio  soda.  After  diymg,  it  is  digested  with  ether,  and 
the  same  process  of  purification  followed,  which  has  been  fire* 
quently  described  in  my  former  paper. 

In  burning  this  sulMtance  with  oxide  of  copper,  it  was  weighed 
in  an  open  boat  and  chlorate  of  potash  was  employed.  This  same 
method  was  used  with  the  non-volatile  bodies  afterwards  to  be 
described.  In  tiie  determination  of  the  sulphur  of  this  and  other 
bodies,  I  have  employed  carbonate  of  zinc  in  conjunction  with 
chlorate  of  potash,  instead  of  the  carbonates  of  soda  or  magnesia ; 
the  first  of  these  attacks  the  glass,  and  the  subsequent  separa- 
tion of  silicic  acid  reiidei*s  the  filtration  troublesome  ;  the  second 
is  so  light  as  to  be  prone  to  projection  from  the  tube  ;  and  both 
are  difficult  to  procure  free  from  sulphuric  acid.  The  carl)onateof 
zinc  prepared  from  the  chloride,  or  the  oxide  of  zinc  prepared  by 
the  combustion  of  zinc,  may,  I  think,  in  all  cases  advantageously 
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wfim  the  befiave-mentkmed  carbonates  for  anlpliiir  deteriniiuitioiui. 
The  Bnc  mmj  abo  be  lued  In  union  with  oxide  of  merciuy  in 
Bnssell'B  method.  In  all  casea^  however,  the  oombuatbn  tabe 
ahould  be  about  20  inches  long  and  the  anterior  eigbt  incbea 
ahonld  be  kqit  cold. 

I.  0*4637  grm.  gave  0*3199  grm.  carbonic  add  and  0*0980  grm* 
water. 

II.  0-2286  grm.  gave  0*01  lo  jrm.  water. 

HL  0  8960  grm.  gare  0*^747  grm.  carbonic  acid  and  0*0785 
grm.  water. 

IV.  0-2564  grm.  gave  0*4559  grm.  anlphate  of  baryta, 
y.  0-2876 grm.  gave  0*6178  gim.  chloride  of  silver. 

Oileohted.  Fotmd. 
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The  substance  analysed  has  accordingly  the  composition 
Q^U^SgCl,  having  been  formed  according  to  the  equation— 

+  3S4CI  =  C^HaSaCla  +  HCl  -h  4S 

which  also  explains  tbe  fiberatton  of  bydrocbloric  add  and  the 
separation  of  free  snlphnr,  described  in  tbe  preparation  of  tbe 
body.  Tkobably  tbe  most  appropriate  name  for  this  body  woold 

be  the  biwlphochloride  of  chlorethylene,  its  fomula  being 

inasmuch  as  in  all  likelihood^  one  atom  of  hydrogen  has  been 
leplaced  by  one  of  chlorine^  and  the  so-formed  chlorcthylene  has 
combii^cd  with  the  bisulphide  of  chlorine ;  or  the  bisulphide  of 
chlorine  has  combined  with  the  ethylene  to  CgH^S^Cl^  and  this 
body  has  decomposed  two  more  atoms  of  bisulphide  of  chlorine, 
Ibrming  hydrochloric  add  and  bisnlpbochloride  of  chlcvethylene : 

c^HACi  +  2Saa  =         s^ci  f  4S  +  Ha 
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It  is  dear  boweror  that  ilk  may  be  viewed  aliOj  either  m  tibe 

bicbloroBiilpbide  of  Tmylj 

wbich  would  however  be  without  analogues,  or  aa  the  biaolphide  of  . 
bichloretbyl^ 

Bianlphochloride  of  ohlorethylene  n  a  tram^azont  liquid  of  light 
ydlow  colour.  Ita  taate  n  sweet  and  pungeut.  Its  amell  when 
fresh  is  agreeable,  being  between  those  of  peppermint  and  of  oil 
of  lemons.  Three  or  four  drops  when  swallowed  prodoee  'head- 
ache. It  is  soluble  in  ether  and  alcohol,  insoluble  in  water ;  it 
does  not  yolatilize  without  decomposition.  At  11*  C.  its  specific 
gravity  is  1*699« 

It  is  worthy  of  note  that  the  Inchlorosulphide  of  ethjdene 
C^Il4S.^Clj2  obtained  by  the  direct  union  of  chloride  of  sulphur  with 
ethylene  and  described  in  the  former  papcr^  differs  from  the  body 
just  described  only  in  haying  one  more  atom  of  hydrogen^  a  diffiar- 

eucc  which  mififht  not  appear  on  analysis.  The  specific  gravity  of 
the  latter  l)ocl\'  liowcvor  is  only  1*408,  its  smell  is  quite  distinct, 
and  it  is  much  less  solul)le  in  ether. 

The  dctcrminaticju  ol'  the  composition  of  bisulphochloride  of 
clilorethylene  suggested  three  questions  :— 

(1.)  Is  its  formation  preceded  by  that  of  the  bisulphocliloridc 
of  ethylene  C^H^SgCl,  which  undergoes  decomposition  on  heating  in 
presence  of  two  additional  molecules  of  S^Cl? 

(2.)  May  it  be  regarded  as  a  substitution-product  of  bisul- 
phide of  ethyl,  being  in  fact  the  bisulphide  of  bichlorethyl 

(3.)  Does  it  admit  of  further  exchange  of  hydrogen  for  cyorine, 
whether  sucli  chlorine  replacement -products  be  identical  or  not 
with  the  liiilierto  hypotb^oal  chlorine  substitation-prodacts  of 
bisuphide  of  ethyl.^  ? 

•  Ann.  Ch.  Pliys..         xviii.    Calioiu  .-  iiiLiitions  that  chlorine  acts  up«a  the 
bi«ulpUidc  oi  ciliji ;  but.  ihc  producu  do  noi  ux>pear  to  Ix&yq  been  examined. 
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The  question  (1)  may  be  answered  approximately  by  submitting 
the  bisulphochloride  of  amylcne  CioII^oS^Cl,  described  in  the 
former  paper  to  the  action  of  two  additional  molecules  of  bisulphide 
ul  chlorine  at  a  high  temperature. 

Question  (2)  must  be  answered  by  submitting  bisulphide  of 
ethyl  to  chlorine. 

To  {luswcr  question  (3)  bisulphochloride  of  chlorethylene  must 
be  acted  ou  by  cldorine. 

On  passing  dry  chlorine  into  bisulphochloride  of  chlorethylene,  a 
rapid  disengagement  of  hydrochloric  acid  results,  accompanied  by 
a  liberation  of  heat  which,  under  favourable  circumstances,  may 
raise  the  temperature  of  the  li([uid  from  12°C.  to  85*  C;  at  the 
same  time  the  liquid  loses  almost  all  its  colour.  In  the  following 
exjKjriments  the  reaction  was  carried  on  in  the  dark. 

Through  eight  or  ten  grammes  of  bisiilplioehloride  of  chlor- 
ethylene, dry  chlorine  was  passed,  until  the  heat  at  first  developed 
had  abated,  mid  the  ordinary  temperature  was  re-established. 
The  tube  containing  the  product  was  then  heated  in  a  water-bath 
to  lOO^C,  and  a  rapid  ciu'rent  of  diy  chlorine  was  passed  through, 
for  two  hours.  The  product  was  freed  from  dissolved  hydruchloric 
acid  and  chlorine  by  being  again  heated  to  100°  C.  and  subjected  to 
a  rapid  cun'cnt  of  dry  carbonic  acid  for  two  hours.  Even  after 
all  the  hydrochloric  acid  was  expelled,  the  carbonic  acid,  in  passing 
through  the  liquid  at  lOO"*  C.  continued  to  carry  off  a  vapour  which 
both  fumed  with  ammonia  and  reddened  litmus  paper.  This  is 
due  to  the  vapours  of  chloride  of  sulphur  and  oxy chloride  of 
sulphur  as  we  shall  presently  see. 

The  cold  gas-cxit-tube  became  coated  with  a  layer  of  yellowish 
transparent  crystals,  too  small  in  quantity  for  examination,  and 
consisting  probably  of  oxycliloridc  of  sulphur,  whose  formation 
was  due  to  a  trace  of  moisture.  After  the  cjirbonic  acid  had  passed 
tlirongh  dnrinp:  the  time  mentioned,  a  drop  of  the  liquid  did  not 
give  up  any  hydrochloric  acid  to  w^ater.  It  was,  however,  digested 
with  warm  water,  dissolved  in  ether,  then  dried  and  purified 
before. 

On  analysis  this  body  showed  the  following  composition 

I.  0  3737  gave  0'2182  carbonic  acid  and  0-0374  water, 
11.  0*5181.    „    0-4116  sulphate  of  baryta. 
III.  0-  i4o3    „    l-2y5?  ciiluiuie  of  silver. 
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The  action  of  chlorine,  tlicrefore,  under  these  circumstances 
upon  the  bisulphochloride  of  clilorcthylcu  is  to  replace  one  atom 
of  hydrogen  by  chlorine  and  to  eliminate  half  the  8ulx)hur ;  thus 
giving  rise  to  a  body  which  may  be  called  the  chioromiphide  qf 
bichlorethylene, 

C,  g^}  SCI. 

The  reaction  takes  place  according  to  the  equation 

C^HjClaSj,  +  3C1  =  C4H2CI3S  +  IICl  +  3C1 

The  chlorosnlphide  of  bichlorethylene  is  a  ycUowiahi  almost 
colomrless^  transparent  liquid  of  pungent^  suffocating,  and  most 
persistent  smell.   It  mixes  with  ether  and  alcohol^  but  is  insoluble 

in  water.  Although  not  volatile  when  heated  alone,  it  may  be 
volatilized  almost  without  residue  in  a  current  of  dry  carbonic 
acitl.    Its  specific  gravity  is  1*225  at  l.'J'o  C. 

In  order  to  compare  the  products  of  the  action  of  chlorine  upon 
bisulphide  of  ethyl  with  those  of  its  action  upon  the  bisulpho- 
chloride  of  cblorethylcne,  ten  or  twelve  grammes  of  the  bisulphide 
of  ethyl  were  exposed  to  the  action  of  chlorine  in  the  same  appa- 
ratus, and  as  nearly  as  possible  under  the  same  physical  conditions 
as  obtained  during  the  action  of  chlorine  upon  the  bisulphochloride 
of  chlorcthylenc. 

On  passing  a  rai)i(l  current  of  dry  chlorine  into  the  above  quan- 
tity of  bisulphide  of  ethyl,  the  temperature  was  raised  from  14*^  to 
78°  C,  abuudance  of  hydrocliloric  acid  being  evolved.  The  first 
bubbles  of  chlorine,  passed  through  the  liquid,  became  opales- 
centj  owing  to  the  separation  of  sulphur.  As^  howeTer^  the 
temperature  rose^  this  opalescence  speedily  disappeared.  At  one 
stage,  the  liquid  became  much  darker  in  colour  than  the  sulphide 
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of  etbyl;  snlMeqiieiitly  it  legained  ita  light  straw-ooloiir;  when 
this  bappfsned,  ^  evolntiim  of  beat  ceased.  The  liquid  product 
so  ftyrmed  was  thereon  heated  to  100°  C.  in  a  water-bath,  and  the 
current  of  chlorine  continued  for  two  hours ;  it  was  then  freed 
from  liydrochloric  acid  and  chlorine  by  a  stream  of  carbonic  acid, 
as  described  in  the  preparation  of  the  chlorosulphide  of  bichlor- 
ethylene. 

A  product  was  thus  obtained,  having  the  same  colour  and  pre- 
cisely the  same  exceedingly  characteristic  smell  as  the  chloro- 
BuJphide  of  bichlorethylene,  formed,  as  already  described,  by  the 
action  of  chlorine  upon  the  bisulphocliloride  of  chlorethylcue.  Its 
specific  gravity  was  found  to  be  1219  at  IS'S"  C,  which  is  identical 
with  that  of  the  chlorosulphide  of  bichlorethylene.*  Analysis  also 
showed  the  two  to  contain  the  elements  carbon,  hydrogen,  sulphur, 
and  chlorine  in  the  same  proportions  as  they  exist  in  the  chloro- 
sol^iide  of  bichlorethylene. 

I.  0*3623  grm.  gave  0*2177  grm.  carbonic  acid  and  0'0329  grm. 
water. 

II.  0*4073  grm.  gnvc  O'illS  grm.  sulphate  of  baryta, 
III.  0*2762  grm.  gave  0*7702  grm.  chloride  of  silver. 
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This  lic^uid  has  therefore  the  formula : — 

bsEving  been  formed  aooording  to  the  equation 

+  7ca  a         s  +  sa  +  8Hca, 

and  being,  in  aooordanoe  with  its  deriTstionj  the  sulphide  of  ter* 
ehhrethyh 

*  For  czoei  etooptrison,  the  f pacific  gravities  of  tlie  two  mbtUweM  mm 
liksa  in  th*  mbw  vmri  and  nMrly  at  tint  aasM  tfoM* 
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1 4Miii  detoot  no  ^flfermioo  wliatefier  between  tlie  fabttaaee  jutt 

descnbed,  and  that  whose  analysis  was  ^ven  oa  page  40^ 
named  the  chlorosulphidc  of  biclilorcthylene.     The  empirical 
formidic  of  the  two  are  identical,  C^H.^ClgS  ;  but,  it' we  insist  upon 
evidencing  the  difiPerent  sources  of  the  two  bodies  in  their  formulaj 
asd  uamesj  we  must  write  the  one ; — 


That  these  two  bodies  are  identical  I  believe  no  one  who  has 
had  them  ia  his  hands  will  doubt.  I  must  reserve  the  ooaiii«ma- 
toiy  endence  resulting  from  the  i^pparent  identity  of  some  oxygen 
derivatires  obtained  in  the  same  mann^  from  both>  for  another 
occasion*  But  from  the  above  facts  alone  we  are  perhaps  justified 
in  giving  an  aflSrmativc  answer  to  the  question  (2)  above  proposed  j 
that  is^  Ve  may  look  upon  bisulphochloride  of  chlorethylene  iu  its 
behaviour  towards  chl^ne  as  a  chlorine-aubstitution-product  of 
bisulphide  of  ethyl.  That  we  do  not  obtain  the  bisulphoohlo- 
ride  of  cblorethylenft  by  acting  upon  bisulphide  of  citliyl  with 
chlorine,  is  accounted  for  by  the  fact  already  proved,  that  the 
bisulphochloride  of  chlorethylene  is  itself  attacked  by  chlorine.  It 
is  highly  probable,  however,  that  the  darkening  of  the  liquid, 
mentioned  above,  at  one  rtage  of  the  action  of  chlorine  upon  the 
bisulpliide  of  ethyl^  is  owing  to  the  formation  of  the  Insutpbo* 
chloride  of  chlorethylene,  which  subsequently  undergoes  further 
hydrogen-replacement  and  elimination  of  sulphur,  being  converted 
into  the  chloroflulphide  of  bichlorethylene.  I  did  not,  however, 
seek  to  intercept  the  process  at  this  point,  because  no  criterion 
could  be  formed  of  tlic  integral  nature  ol'  the  action,  and  because 
even  if  a  body  of  the  anticipated  composition  had  Ijccu  formed,  it 
might  still  liave  been  a  mixture  of  the  higher  substitution-product 
with  the  original  substance. 


Theidentityofthechlorine-substitution-productsof  sC^pi^h  S^Cl 


and  C4lI;^S2  is  fiirther  of  considerable  interest,  inasmuch  as  it 
shows  that  towards  chlorine  the  two  arc  essentially  idiotypic,  and 
that  consequently,  while  we  have  seen,  in  the  ease  of  amyleuc,  that 
a  body,  C^Hi^S^Cl,  aots  towards  oxides  and  hydrated  ojudes  as  the 
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chloride  of  a  sulphur -rvidicle ;  towards  cbloriue  snch  a  body  ants  as 
the  sulphide  of  a  chlorin€'T&d'\c\e.  This  line  of  evidence  will  be 
more  complete  after  studying  the  action  of  chlorine  upon  the 
bisalphochloride  of  amylenc  previously  described. 

If  a  rapid  current  of  dry  chlorine  be  passed  through  bisulpho- 
chloride  of  amylene^  CioHjoSjCl,  hydrochloric  acid  is  evolved.  In 
order  to  compare  tliis  reaction  with  the  action  of  chlorine  upon 
bisulphide  of  ethyl  and  bisulphocliloridc  of  chlorcthylene,  ten  or 
twelve  grammes  of  the  bisulphocldoride  of  amylcne  were  brought 
into  the  same  apparatus  and  subjected  to  the  action  of  chlorine, 
under  the  same  circumstances  as  attended  the  action  of  that  ele- 
ment upon  the  bodies  mentioned.  The  action  Vas  attended  by  an 
evolution  of  heat  which  raised  the  liquid  from  12"  to  70**  C.  The 
colour  changed  from  a  light  straw-yellow  to  a  garnet-red  at  this 
point  I  sappose  the  liquid  to  consist  principally  of  an  intennediate. 

snbititation-prodiiet  Cj^        |  ^2^^)'  became  almost  of 

its  original  paleness.  At  this  ])oint  no  more  beat  was  evolved.  The 
product  being  then  heated  in  n  water-bath,  the  stream  of  chlorine 
was  continued  for  two  hours.  After  standing  iu  a  stoppered  bottle 
for  twelve  hours,  it  still  smelt  strongly  of  chlorine.  The  excess 
of  chlorine  aud  the  hydrochloric  acid  formed  were  finallj^  expelled 
by  a  stream  of  dry  carbonic-«cid  at  100°  aud  the  product  was 
purihcd  as  before. 

Gnn.  Orm.  Onn. 

I.  0'4853  gave  0*4334  carbonic  acid  and  0*1572  water. 
II.  0-3299    „     0  322H       „       „  01 137  „ 

III.  0-4241    „    0-3Hr)0       „       „  0-13(i8  „ 

IV.  0-5011    „     l-29i)5  cliloridc  of  silver. 
V.  0-3910    „    0-2274  sulphate  of  baryta. 

YI.  0  G996    „     0-1031       „  „ 
VII.  0-4942    „    0-2810       ^  „ 
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The  possible  sul)8tancc,  whose  compo*iiti(ni  approachet  moct 
nearly  to  this,  is  tlie  chioronUphide  qf  tcrchioramylene. 


or,  according  to  wliat  has  been  shown  concemmg  the  ethylene 
compoundBy  the  nUpkide  qf  quadroc/doramyl. 


for  these  two  bodies,  to  whose  identity  analogy  points,  require 


The  sulphide  of  qiindrocliloramyl  or  clilorosulphide  of  tcrrlilor- 
amylene  closely  resembles  in  smell,  taste,  and  physieal  properties 
the  ethylene  substitution-products  already  diseussed.  It  is  a  trans- 
parent, non-volatile,  light  yellow  liquid  of  s])ecific  gravity  I'  lOG  at 
16°  C.  It  is  insoluble  in  water,  miscible  with  ether,  and  soluble 
in  hot  alcohol. 

Fourteen  grammes  of  amyleue  were  gradually  mixed  at  the  closed 
end  of  a  combustion -tube,  four  feet  long,  with  niore  than  three 
equivalents  of  bisulphide  of  chlorine.  The  mixture,  having  been 
kept  boiling  for  eight  hours  (during  which  hydrochloric  acid  was 
copiously  evolved)  was  transferred  to  a  retort  and  heated  till  its 
temperature  rose  to  190**  C.  After  cooling  and  decanting  from 
the  small  quantity  of  separated  sulphur,  the  product  was  washed 
with  aqueous  caustic  soda,  etc. 

0*4148  grm.  gave  0'44i.l  grm.  of  carbonic  acid  and  0*1080  grm. 
water. 

0*7000  grm.  gave  0*6362  grm.  of  chloride  of  silver. 

These  numbers  show  28  76  p(  i-  cent,  of  carbon,  4*50  per  cent,  of 
hydrogen,  and  22*16  per  rent,  of  chlorine;  a  result  which  ][K)ints 
to  no  simple  formula.    Tlie  })roduct  was  jirobably  a  mixture. 

It  is  very  worthy  of  notice  that  tlie  body  resulting  from  the 
action  of  chlorine  upon  the  biaulphochlonde  of  amylene  is  not  an 
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analo^o  of  that  derived  by  chlorine  from  the  hisulphochloridc  of 
chloretliylene  (i.e.  from  the  bisulphide  of  bichlorctliyl)  and  from 
the  bisulphide  of  ethyl.  Comparing  their  general  formulse^  we  have 

for  the  first      {0^'^}  second       {cV""*}  ®* 

But  this  difference,  which  mi^ht  seem  to  indicate  an  anomalous 
behsnonr  in  the  two  cases,  really  results  from  the  (^rmmetry  of  the 
two  reoompositions  effected  by  chlorine ;  a  symmetry  which  ez* 
tends  moreover,  to  the  ehlorine-substitution-products  of  the  mono- 
snlphide  of  ethyl,  studied  by  Begnault.*  Putting  the  reations 
together:^ 

Bf  tke  action  <^  Chlorine. 

(1.)  (2.)  (3.)  (4.) 

C«H,S       C«H,S,     C«  j^f  I  S,a  C,oH„8,Cl 

"  r  8  C,  \^^]  S  S  3 

by  the  ex-  >  4H  for     SHforSa       HforQ  SHforSa 
change  of  >  4a      and  SCI  for  CI  and  SCI  for  CI     CI  for  SCI 

Thus  in  all  case><  but  the  third,  a  fourfold  exchange  is  effected  ; 
and  tlmt  hcrc^  merely  a  twofold  cxchano;o  occurs,  may  be  attri- 
buted to  the  body,  reckoned  from  the  bisulphide  of  ethyl,  having 
already  suffered  a  two-fold  replacement.  It  has  been  already 
ahown  in  the  first  paper,  that  SCI  is  monomolecular,  and  may  be 
replaced  by  a  single  atom  of  chlorine.  Particularly  remarkable  is 
the  analogy  between  (2)  and  (4),  proving  as  it  does^  that  these  two 
mbstances  are,  towards  chlorine,  isotypic. 

The  above  bodies,  famish  examples  of  the  pronenees  which 
ddorine  has  to  replace  even  numbers  of  molecules. 

In  order  to  throw  some  more  light  upon  the  constitiitioii  of 
bisnlphochloride  of  amylencj  I  have  saljected  that  body  to  the 
aetkm  of  nitric  add;  bat  befoce  describing  the  prodncta  obtained 
by  this  reaction,  it  will  be  well  to  consider  briefl|y,  the  action  of 
mtric  add  upon  amylene  itsdf. 

The  temperatnre  at  which  nitric  acid  and  amylene  act  upon 
one  another,  is  so  far  above  the  boiling  point  of  the  latter  body, 
that  great  loss  of  amylene  results  if  the  two  are  heated  together, 

*  Ann.  Ch.  Phys.  [8],  Ixxi,  887. 
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even  ill  capacious  tcsscIs,  until  the  reaction  commences.  If  five  or 
six  gi-ammcsof  amylene  be  shaken  in  a  bolt-head,  with  four  or  five 
times  the  volume  of  fuming  nitric  acid,  and  heat  be  applied  until 
the  acid  boils,  a  sudden  evolution  of  nitrogen-oxides  results,  tlic 
neck  of  the  bolt-head  becomes  coated  witli  a  thin  layer  of  fatty 
wliite  crystals,  and  <]!;reon  oily  drops,  heavier  than  nitric  acid, 
appear  m  that  liquid.  For  the  above-mentioned  reason,  however, 
this  method  of  tracing  tke  reaction  was  aliandoaed^  and  the 
fbUowing  one  onployed. 


Air^  dried  hy  passing  over  chloride  of  calcium^  in  the  tube  a,  is 
made  to  bubble  through  amylene^  contained  in  the  bulbs  and 

being  thus  charged  with  the  yapour  of  amylene,  it  is  led  through 
faming  nitric  acid  in  the  retort  c,  which  has  previously  been 
'  heated  to  boiiiag,  and  which  is  kept  so  during  the  pa>>Siat(c  of  the 
gas.  The  retort  is  connected  with  a  condenser.  If  the  volume  of 
the  nitric  acid  l>e  about  seven  times  as  great  as  that  of  the  amylene, 
and  if  the  current  of  air  and  the  heat  of  the  retort  be  so  re^tdatcd, 
that  the  amylene  and  nitric  acid  arc  volatilized  nearly  together, 
almost  the  whole  of  the  non-gascous  products  consists  of  the  white 
fatty  crystalline  substance  before  mentioned,  which  coats  the 
suifacc  of  the  receiver ;  the  greater  quantity,  however,  is  deposited 
in  the  tube  of  the  oondeuser,  and  may  thence  be  washed  into  the 
receiver.  Water  is  added  to  the  latter^  and  it  is  Tigorously 
shaken  until  the  product  cakes  together. 

Although  hearier  than  water,  it  generally  floats  upon  its  surface, 
owing  to  the  presence  of  smalJ  gas-bubfales.  After  washing  with 
cold  water  on  a  funnel^  and  drying  between  blotting  paper,  it  is 
stron^jr  pressed  to  mmoTe  traces  of  the  Mqaid  pxodnot  mentioned 
befeccy  and  thai  xeoystaUiBed  from  boiling  anhydrous  ether.  If 
the  ethereal  edntaon  be  allowed  to  cool  withont  eraponition,  the 
snbstance  crystaUixes  ont  in  long  reetangular  prisms.    If  the 
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crystallization  be  helped  by  evaporation,  it  separates  as  flat  rectan- 
gular tables.  Under  the  microscope^  no  other  than  right  anglea 
could  be  observed  in  either  aiso,. 

Burnt  with  oxide  of  copper^  metallic  copper  being  employed  in 
the  anterior  of  the  tnbe, 

I.  0'3(>80  grm.  gave  0*5019  grm.  carbonic  add^  and  0*2066  grm. 
water. 

IL  0-1330  grm.  gav€  19' 1  cc.  of  nitrogen  at  0*"  C.»  and  700  mm. 

Calculated. 

E.  ZL 

Na    .      .     17-28  „  18-0* 

This  snbetance  may,  therefore^  be  called  binitroxamyleiiey  its 
fiormulft  being-^ 

•  C,JI,2(N0J 

A  portion  of  the  nitric  add  is  deoxidised  to  KO«;  this  com- 
bines with  tbe  oxygen  of  the  excess  of  aur  to  form  KO^ ;  and  the 

latter  molecule  unites  directly  with  a  freah  portion  of  amylene. 
This  same  substancCj  which  can  be  obtained  only  in  small 
quantities  by  the  above  process,  may  be  prepared  in  any  desired 
quantity  by  the  direct  union  NO^  with  anivUiU'.  Tlie  latter 
method  of  preparin<^  this  body,  together  with  some  ol  its  pro- 
pertieSi  will  appear  in  the  next  communication. 
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VII. — On  the  Crystallised  Hydrates  of  Baryta  and  Strontia 

By  Chakles  L.  Bloxam. 

C0N8IDBBABLB  difference  of  opinion  appean  to  exist  among  choini- 
cal  aathon  with  respect  to  the  oomporition  of  the  CTyBtaUiaed 
hydrates  of  baryta  and  strontia,  some  representing  them  as  contain- 
ing 8  eq8.>  others  9  eqs.,  and  others  even  10  eqs.  of  water,  whilst 
in  some  cases  these  hydrates^  so  closely  analogous  in  their  chemical 
relations^  are  represented  as  eEystallising  with  diffierent  amoonts  of 
water. 

Having  had  occasion  to  satisfy  myself  with  respect  to  their  tme 
composition,  I  b^  to  submit  the  results  of  my  analysis  to  the 
Socieiy* 

The  crystaUiBOd  hydrate  of  baryta  was  prepared  according  to  the 
method  recommended  by  Mohr^  by  adding  powdered  nitrate  of 
baryta  to  a  boiling  solution  of  an  equivalent  quantity  of  hydrate  of 
soda.  The  crystals  which  separated  from  the  cooled  liquid  were 
purified  by  two  crystallisations. 

On  examining  the  solution  from  which  the  first  crop  of  crystals 
had  been  deposited,  it  was  found  to  contain  a  considerable  quantity 
of  undccoraposcd  nitrate  of  baryta,  tofrether  with  some  hydrate  of 
soda,  showing  that  the  decomposition  of  the  nitrate  by  a  single 
equivalent  of  soda  was  far  from  com])lctc.  In  a  second  preparation 
1*4  eqs.  of  hydrate  of  soda  were  employed,  but  in  this  case  also,  a 
considerable  quantity  of  the  nitrate  of  baryta  was  left  undecom- 
posed,  though  less  tlian  in  the  first  experiment. 

The  hydrate  of  baryta  exhibited,  in  a  remarkable  degree,  the 
tendency  to  remain,  without  crystallising,  in  a  super-saturated 
solution^  until  it  was  either  briskly  stirred  or  placed  in  contact 
with  a  crystal  of  the  hydrate. 

On  attempting  to  dry  the  crystals  in  tscuo  over  oil  of  vitriolj 
they  soon  became  opaque,  which  was  at  first  attributed  to  the  for- 
mation of  a  thin  ^m  of  carbonate,  but  was  afterwards  found  to 
arise  from  loss^of  water;  indeed  the  crystals  were  found  to  eflioresce 
even  in  air  of  ordinary  humidity,  which  may  help  to  explain  the 
diserepaacy  in  the  results  which  they  haTO  afforded  to  different 
analysts. 
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Til  order  to  determine  the  amount  of  water  lo«t  in  vacno  over 
oil  of  vitriol,  separate  samples  of  the  crystals,  obtained  in  two  dis- 
tinct operations,  were  exposed  in  a  receiver  of  air  over  quick  lime, 
aad  weighed  at  short  intervals,  until  the  loss  of  weight  in  a  girai 
period  suddenly  diminished,  and  the  first  mga  of  efltoesoenoe 
began  to  show  itself  upon  the  edges  of  the  crystals. 

Two  determinations  ef  adhering  water  made  in  this  waj  gaTe 
lespectlTely  1-39  and  1*24  per  cent 

The  dry  ciystala  were  them  exposed  in  vwciaoi  ovet  oil  of  vitriol, 
until  they  ceased  to  lose  weight. 

The  eflkresoed  hydrate  thna  obtained  was  heated  to  doll  redness 
in  a  dosely  covered  ulver  crucible,  and  weighed,  at  intervals  of 
four  or  five  minutesiy  until  it  began  to  increase  in  weight  slightly, 
from  absorption  of  carbonic  acid. 

The  baryta  was  also  precipitated  and  determined  as  sulphate, 
both  in  the  orijj^nal  dry  crystals  and  iii  the  effloresced  hydrate. 

The  subjoii\ed  table  contains  the  results  of  these  experiments, 
calculated  for  100  parts  of  the  dry  crystallised  hydrate. 

Calculated  (Ba  s  68'S) 

I       II       III      IV  .     V      VI     Mean.         BaO.IIO  +  HO  +  7A%. 
W^  k»t  in  mcoo       »M  89*80  89^09  S9  84  39-63  S9  M)      .q        4OO0)  .,.^1 

mipMm     f«    e-M    6PU  •-n/*'^^ 
SaijU  481S  48-43  48S6  4»M  4&'i7 

These  numbers  appear  to  warrant  the  eonclusion  that  the 
formula  of  tlie  crystallised  hydrate  of  baryta  is  BaO,HO  +  8Aq., 
and  that  of  the  effloresced  hydrate  BaO,HO  +  Aq^  the  pure 
hydrate  BaO,HO  h?m^  obtained  by  igniting  the  latter. 

The  efiSoresced  hydrate  suffered  no  more  loss  of  water  at  $^12° 
even  in  vacuo.  ^ 

It  is  worthy  of  notice  that  this  effloresced  hydrate  evolved  modi 
heat  when  moistened  with  water. 

The  crystallised  hydrate  of  strontia  was  also  prepared  by  deoom** 
ponng  the  nitrate  of  strontia  with  hydrate  of  soda  at  the  boiling 
point;  in  this  case  nearly  2  eqs.  of  ike  hydrate  were  employed  for 
each  equivalent  of  nitrate  of  strontia,  and  this  salt  was  found  to 
have  been  completely  decomposed.  The  hydrate  of  strontiay  how- 
ever, did  not  dissolve  in  the  liquid,  like  the  hydrate  of  baryta,  but 
separated  in  the  form  of  a  grannlar  precipitate,  whidi  had  the 
same  composition  as  the  crystallised  hydrate.  On  pouring  oflP  the 
solution  containing  the  nitrate  of  soda,  and  boilinf?  this  granular 
precipitate  with  successive  portions  of  water,  very  laige  and  beau- 
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tiful  crjrttoLi  were  obtained^  which  were  puiihed  by  recrystailiBa- 

tioii. 

The  crystals  eltiorcsced  in  the  same  way  as  those  of  hydrate  of 
baryta.  They  were  analysed  la  a  similar  maimer,  the  stroutia 
bMBf  completely  precipitated  bj  mlphnric  acid  and  alcohol,  and 
the  flolphate  of  strontia  snb^cquently  washed  with  alcohol. 

The  molli  are  aeen  in  the  feUoidng  tables 

Cdciilated  (Sr  =  4i  S) 
I      II      m     IT     Meu.  aK);ItO  +  m*  7M- 

Water  lost  iuTMDO     .     .      .  «-79  «7-7S  ^7*77  ImM  «7  -Ml«hai 

„     „  onlgBlttMi  .     .     .  Wl  W  W  IMSf^^  l»-6if 


It  appears  then,  as  would  be  expected,  that  the  formula  of  the 
crystallised  hydrate  of  stroutia  is  SrO,lIO  -f  S  Aq,  and  that  of  the 
effloresced  hydrate  SrO,HO  +  Aq,  but  that  when  this  latter  is 
heated  to  dull  rednew,  it  loses  the  whole  of  its  water,  iihIijiIhWl 
stroutia  heing  lefl.^ 

The  effloresced  hydrate  did  not  lose  any  more  wster  in  the 
water-oven  at  212°  but  when  raised  to  this  temperature  in 
Tsews  ^  12*89  per  cent.,  or  exactly  one  equivalent  of  water^ 
thus  beoonung  converted  into  the' simple  hydrate  SrO^HO.f 

Both  and  the  effloresced  hydrate  evolTed  heat  when  moistened 
with  water. 

The  inferior  power  poiiessed  1^  strtmtia  to  retain  these  two  last 
equivalents  of  water,  is  another  interesting  example  of  the  gradi^ 
tion  constaniiy  observed  in  the  properties  of  baryta  and  strontia; 
and  I  most  express  my  regret  that  want  of  leianve  predndes  me, 
the  present,  finom  examining  the  ciystalHsed  hydrate  of  lime, 
which  may  be  expected  to  occupy  a  still  lower  position  with 
respect  to  its  power  of  retaining  water  of  crystaUisatiou. 


*  I  find  that  this  cifemiistaiice  had  been  sireidy  pointed  out  Iqr  Deaham  flaith 
(Phil.  Ma-  [r  ,  ix,  87>.  although  cheH^wiUenksTS Still  lepNMOtedtkalvMs 

of  Btrontim  as  pernmncQt  at  a  red  heat. 

+  The  efflorraced  hjrdrate  albo  lost  nearly  the  whole  of  ite  second  equivalent  of 
water  xh«l  exposed  Sat  a  veiy  long  time  over  very  coocentratcd  oil  of  viuiol,  iu 
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VIII. — Miscellaneous  Observations, 
By  a.  W.  HaFMAMK. 

11. 

(ConUnued  Smm  YoL  X.^  p.  211.) 

Thk  experiments  of  Gottlieb  have  shown  that  dinitrophenyl- 
amine,  when  boiled  with  sulphide  of  ammoniam/  is  converted  ' 
Into  a  remarkable  base  crystalliung  in  crimson  needles^  generally 
known  as  Niirazophen^laminCy  and  for  which^  in  accordiBiboe  with  * 
the  views  I  entertain  regarding  its  constitution,  I  now  propose  th^ 
name  NUrophenyUne'diamtne*    I  owe  to  the  kmdneas  of  Dr.' 
Vincent  Hall  a  considerable  quantilrjr  of  this  substance  wbicli  is 
not  quite  easily  procm^d.  In  preparing  it,  Dr.  Hall  .lias,  in  ih^ ' 
first  place,  followed  the  succession  of  processes  recommended'  by  ' 
Gottlieb,  vis.,  treatment  of  pbenyl-dtraconimide  (citnUsoAiUi^)  ' 
witb  nitro-solpburic  acid,  transformation  of  the  nitro-substitate  iiitp' ' 
dimtropbenylamine,  and  the  reduction  of  tbe  latter  by  solplude 
ammonium.   In  other  experiments  Dr.  Hall  has  availed  himself 
with  the  same  advantage  of  phenyl-succinimide(succinaTiile),  which, 
under  the  influence  of  a  mixture  of  nitric  and  sulpliuric  acid, 
exhibits  a  deportment  similar  to  that  of  the  citraconyl-body. 
Dinitrophenyl-succinimide  is  readily  transformed  into  dinitro- 
pbenylamine,  which  ultimately  yields  the  crimson-coloured  com- 
pound. 

To  the  accurate  description  whicli  (rottlieb  has  given  of  the 
preparation  and  the  properties  of  this  substance,  I  have  scarcely 
to  add  a  single  word.    The  following  remarks  refer  to  an  experi- 
ment made  with  the  view  of  obtaining  some  insight  into  the 
molecnlsr  construction  of  the  body.    If,  beanng  in  mind  th^ 
numerous  analogies  of  the  radicals  ethyl  and  phenyl,  we  assume  ' 
that  the  latter  by  the  loss  of  hydrogen  may  be  converted  into  % 
diatomic  molecule  pbenylene,  C^H^,^  correspon^Gdg  to  ethylene,  * 
tbe  existence  of  a  group  of  pbenylene-^bases  oonrespdndbg  to  tl^' 
ethylene-basea  cannot  be  doubted.  . 

•  •  •    »  ,  .  •  ...  .h' 

•  H«l,0*lS,0*16,8-«^«to.         "   ..  .... 
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CJIg)  (Call,)  ) 

Ethylamine       H  >•  N      £thyleiie-diaiiime      IL    V  N, 

Fhenylaiiime     H  >  N      Phenylene-diamiiie    H,   >  N^. 

H )  .         H,  ) 

The  oompound  known  as  leniibeniidAin  or  atophenylamine^ 
wbich  Zinin  dbtained  by  'exliaustuig  the  action  of  tnlphide  of 
ammonium  on  dinitrobemol,  agrees  with  the  last-named  body  in 
composition.  Those  chemists,  howerer,  who  have  had  an  opportnnity 
of  becoming  acquainted  with  the  well-defined  properties  of  ethylene- 
diaminCj  will  not  easily  be  persoaded  to  consider  the  unconth 
dinitrobenzol -product,  sometimes  appearing  in  brOwn  fiakcsj, 
sometimes  as  a  yellow  rosin  rapidly  turning  green  in  contact  with 
the  air,  as  standing  to  plienylaraine  in  a  relation  similar  to  that 
which  obtains  between  ethylene-diamine  and  ethylamine.  We 
much  more  readily  admit  a  connection  of  this  description  between 
phenylamine  and  Gottlieb's  crinison-coloarcd  base,  in  which  the 
clearly  pronounced  character  of  the  former  is  still  distinctly 
visible,  althougli  of  necessity,  modified  by  the  further  substitution 
which  has  taken  place  within  the  radical. 


Phenylamine 


Phenylene-diamine  (?) 


Nitrophenyleiie-diaimne 


He)  , 
II 

(C,[H3.  NO,])-'  ) 


Does  the  latter  Ibrmnla  really  represent  the  molecnlar  constita- 
tion  of  the  crimson  needles?  The  degree  of  substitution  of  this 
body  might  have  been  determined  by  the  frequently  adopted  pro- 
cess of  ethylation.  But  even  a  simpler  and  shorter  method 
appeared  to  present  itself  in  the  beautiful  mode  of  substituting: 
nitrogen  into  the  place  of  hydrogen,  lately  discovered  by  1\  Griess. 
The  red  crystals  nndorgo  indeed  with  the  greatest  facility  the 
transformation,  whicli  he  has  proved  already  for  a  great  many 
derivatives  of  ammonia. 
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On  passing  a  current  of  nitrous  acid  into  a  moderately  con- 
centrated solution  of  the  nitrate  of  the  base^  the  liquid  be(X?xne8 
gently  heated,  and  deposits,  on  cooling,  a  considerable  quantity  of 
brilliant  white  needles,  the  purification  of  which  presents  no 
difficulty ;  being  sparingly  soluble  in  cold,  readily  soluble  in 
boiling  water,  the  new  compound  requires  only  to  be  once  or 
twice  rc- crystallised.  Thus  purified,  the  new  substance  forms  long 
prismatic  crystals  frequeatiy  interlaced,  white  as  long  as  they  are 
in  the  solution,  bat  assuming  a  slightly  yellowish  tint  when  dried, 
and  especially  when  exposed  to  100°;  they  are  readily  soluble  both 
ia  alcohol  and  in  ether*  The  new  body  exhibits  a  distinctly  acid 
xeactioa;  it  dissolves  on  application  of  a  gentle  heat  in  potassa 
and  ammonia^  withont^  however  nentralizing  the  alkaline  character 
of  these  bases;  it  also  diasolTeB  in  the  alkaline  carbonates,  but 
without  expelling  their  carbonic  acid.  The  new  acid  fuses  at 
211^  C*,  and  snbHmes  at  a  somewhat  higher  temperature,  with 
partial  decomposition.  The  suldimate  consists  of  small  prismatic 
crjstals.   Analysis  gave  the  following  results 

I.    0  3290  grm.  acid  dried  at  100"^,  gave 
0*5298   „    carbonic  acid,  and 
0^777  „  water. 

n.  0*2868  grm.  add  gave  84  cc.  moist  nitrogen  at  15^,  vaA 
0-7588  Bar.  (coir.) 

These  nnmbeFS  lead  to  the  ratio:— 


and,  the  origin  of  the  substance  being  taken  into  consaderatioiii  to 
the  formula: — 


Theory. 


EzpttrinM&C 


72 
4 
66 
82 


48*90 
2*44 
84-15 
19-51 


43-92  — 
2-62  — 
84-82 


164 


100*00 


This  formula  is  confirmed  by  the  analysis  of  the  silver- and  of 
the  potassium-compound. 
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.  ANMivifll^.  TMb  Mdfc  is  olifctiBed  in  iho  Ibrm  of  *  vWe 
amorphous  precipitate  on  nixing  the  Baituwted  •mmonia-MliiliiNi 
of  the  acid  with  nitrate  of  silTer.  fn  vaemo  this  salt  may  he  driai  • 
'  without  decomposition;  at  100°  it  becomes  slightly  coloared; 
when  gently^  heated  on  platinum  foil  it  dctoaates.  The  silTer 
therefore  had  to  be  estimated  as  chloride. 

I.  0*4216  gm.  nhrer-salt  gave 
0*4068        carbonio  aoid^  and 
0O4S7  w  water. 

11.  0*2984  „    ailTer-aalt  gare 
0*1574  „    Ghkxfldeof  aiher. 

Bie  fbtmnUi  C6[H3Ag]  N^Oj  involves  the  Iblkming  values 


Ha 
Ag 

O2 


271     100  00 

Po/Mium^ft.  Obtained  in  pretty  weQ-fbrmecl,  flattened 
prisms,  by  satmatiug  a  moderately  concentrated  boiling  solution 
of  potaasa  with  the  acid ;  the  crystals  are  difficultly  soluble  in 
potaasay  but  exeeedingly  soluble  in  pure  wat^  and  in  alcohol ;  the 

recrystallization  is  therefore  attended  with  very  considerable  loss. 

The  aqueous  solution  of  the  salt  yields  a  crystalline  precipitate  on 
addition  of  potassa.  The  salt,  cvcu  after  four  or  five  reerystal- 
lizations  from  alcohol,  retains  a  distinctly  alkaline  reaction.  Its 
composiUou  was  fixed  by  a  potassium  determination. 

0*2012  gtBL  salt  aried  at  lOO''  gare 
0*0657  „   sulphate  of  potaastom. 
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72 

26*67 

26*82  ^ 

8 

Ml 

1*28  — 

108 

39-85 

—  89*67 

56 

20-6G 

32 

11-81 

Tht  temlft  0^  (II3K]  NfOg  requiiw      Mowing  falm 


Theory. 

* 

c 

72 

85-64 

H, 

3 

1-48 

K 

39 

19-31 

19*10 

N« 

56 

27-72 

• 

0. 

as 

15-85 

202 

10000 

With  regard  to  the  other  salts,  I  have  made  but  few  observa- 
tions. 

The  ammonium-salt  cnstallizcs  in  needles.  It  has,  however, 
but  little  stability,  losing  the  whole  of  the  ammonia  when  re- 
peatedly recrystallized.  The  solution  of  this  salt  exhibits  with 
metallic  oxides  the  following  deportment. 

Barium  and  calcium-salts  are  not  precipitated.  Salts  of  copper 
give  a  light  blue,  salts  of  nickel  a  light  green  precipitate.  The 
solution  of  a  ferrous  salt  produces  a  deep  brown-red  precipitate, 
probably  with  simultaneous  decomposition  of  the  acid;  the  solution 
of  a  ferric  salt,  a  light  fawn-coloured  precipitate.  The  salts  of 
lead,  zinc,  manganese,  and  mercury  {mercurowm  and  mercuricum), 
famish  white  tlaky  precipitates. 

The  analysis  of  the  new  compound  shows  that,  under  the 
influence  of  nitrous  acid  on  nitrophenylene-diamine,  one  molecide 
of  nitrogen  is  substituted  into  the  place  of  three  moleculea  of 
^jdnigQPj  which  are  eliminated  ux  the  ibrm  of  water 

CeHyNgQ,  +  HNOg  SB  2  HjO  +  CjLH^NJNjO, 

}(ltrophenylMi»>  N«nr  aoid. 

I  do  not  propose  a  name  for  the  new  compound^  which  can  claim 
but  a  paBsing  interest,  as  tiurowing  by  its  fimBation  some  light  on 
the  eonatitation  of  nitrophenylene-diamine. 

The  oompoaition  of  the  new  add  and  of  its  salts  shows  that  in 
the  ctinaan  base  fonr  hydrogen  molecules  are  still  capable  o€ 
replacement ;  in  other  worda,  that  this  body  atill  contains  four 
eitxa»rad]0al  molecQlea  of  hydrogen.  These  experiments  appear 
to  confirm  the  new  which  in  the  commencement  of  this  note« 
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I  have  taken  of  the  conalitfttioii  of  tlic  body;  at  all  events,  the 
mutual  relatioa  of  tlie  several  compouuds  is  satisfactorily  illus- 
trated  by  the  formulie-^ 

(CeLHaNO^l)") 
Nitropheuylenc -diamine  V 

H.  i 

Newacid  N*^  Cn, 

,  (C.[H.Nq,]) 

Silver-salt 


Ag  j 


If  the  admissibility  of  this  interpretation  be  confirmed  by 
further  experiments,  the  reaction  discovered  by  Griess  furnishes 
a  new  and  valuable  method  of  recognising  the  degree  of  substitu- 
tion in  the  derivatives  of  ammonia. 

■ 

The  new  acid  differs  in  many  respects  from  the  substances 
similarly  produced  from  other  nitrof^cnous  compounds.  As  a 
class,  these  substances  are  remarkable  for  the  facility  vitli 
which  they  are  changed  under  the  influtooe  of  acids  and  more 
especially  of  bases.  The  new  add  exhibits  remarkable  stalnUfyj 
it  may  be  boiled  either  with  potassa  or  with  hydrochloric  add 
without  undergoing  the  slightest  change.  £vmi  a  cnirent  of 
nitrous  add  passed  into  dther  the  aqueous  or  aleohoUe  sotu* 
tion  is  without  the  slightest  effect.  The  latter  experiment  was 
repeatedly  performed ;  for  if  the  action  of  nitrous  acid  in  a  second 
phase  of  the  process  had  assumed  the  form  so  frequently  observed 
by  Piria  end  others,  it  migrht  have  led  to  the  formation  of  the 
diatomic  uitrophciiylcue-alcohol,  according  to  the  equation 

(Ce[H„NOjr)  (Cs[H3,N0J)  ) 

)  ^  J 

It  deserves  to  be  noticed  that  nitrophenylene-diaminey  although 
derived  from  two  molecules  of  ammonia^  is,  neveithelcss,  a 
deddedly  mono-add  base.  Gottlieb's  analyses  of  the  cfaloride, 
nitrate,  and  sulphate,  left  scarcely  a  doubt  on  this  point*  How 
ever,  as  some  of  the  natural  bases,  quinine,  for  instanoe,  ave 
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CRpable  of  combining  either  with  one  or  with  two  molecules  of 
acid,  I  thought  it  of  sufficient  interest  to  confina  QottUeb's 
obscrvatioiis  by  some  additional  experiments.  The  crystals  depo- 
sited on  cooliug  from  a  solution  of  nitrophenylene-diamine  in 
concentrated  hydrochloric  add  were  washed  with  the  same  liquid^ 
and  dried  t»  vacuo  over  lime, 

0'3y75  grm.  substance  gave 

0'30()5   „   chloride  of  silver  =  18*70  p.  c.  of  chloriue. 
The  formula 


requires  18*78  p.  c.  of  chlorine. 

The  dilate  solution  of  the  previous  salt  is  not  precipitated  by 
dichloride  of  platinum;  nor  could  the  double  salt  of  the  two 
chlorides  be  obtained  by  evaporating  the  mixtnre  of  the  two 
sdutionB,  whieh^  just  as  Gottlieb  observed,  was  readOy  deoom* 
posed  witH  separation  of  metallic  platinum.  I  liad^  however,-  no 
difficulty  in  preparing  a  platinum-salt,  crystallising  in  splendid 
long  brown-red  prisms^  by  adding  the  platinum  solntion  to  the 
concentrated  solution  of  the  hydrochlorate. 

0*4225  grm.  of  the  platinum-sslt  dried  m  vacuo,  left  on  ignition 
0*115  grm.  ss  27*22  p.  e.  of  platinum. 

The  theoretical  percentage  of  the  formula 


is  27*48  p.  c.  of  platuium. 

These  experiments  prove  that,  even  under  the  most  fiivouraUe 
circumstances,  nitrophenylene-diamine  combines  witb  only  1  eq. 
of  acid,  while  the  ethylene-derivatives  are  decidedly  diacid.  The 
diminution  of  saturating  power  in  uitrophcnylene-diamine  at  the 
first  glance  seems  somewhat  anomalous;  but  the  anomaly  disap- 
pears if  tlie  constitution  of  the  body  be  more  accurately  examined. 
It  cannot  be  doubted  that  the  diminution  of  the  satuiating  power 
is  due  to  the  substitation  which  has  taken  phice  within  the  radical 
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bC  tiie  diaaine.  I  pointed  wA  mm  ti»e  ago,«  iknt  \ud» 
•hanetor  iof  phmiylaiiiine-  Hieif  u  cowridtifrably  modlfttd  hj  aoe- 
eewnye  ohaiigM  indnoad  m  the  phnyl-nidioiil  by  tuMtoASon. 

Chlorpkenylamine,  thougli  ]en  baiie  than  the  nonnal  compound, 

still  forms  well-defined  salts  with  the  acids ;  the  salts  of  dichlor- 
phenylamine,  on  tlic  other  hand,  are  so  feeble,  that  under  the 
inflncnce  of  boiling  water  they  arc  split  into  their  constituents; 
and  in  trichlorphenylamine  the  basic  character  has  entirely  dis- 
appeared. Ap^ain,  on  examining  the  nitro-substitutes  of  pheny- 
lamine^  we  find  that  even  nitrophcnylamine  is  an  exceedingly  weak 
base,  whilst  dinitro])hcnylamine  is  perfectly  indifferent.  What 
wonder,  then,  that  a  inolccnlar  system,  to  which,  in  the  normal 
co^idition,  we  attribute  a  diacid  character,  should,  by  the  insertion 
of  special  radicakj  be  reduced  to  monoacidity?  The  nonnal 
phenylene-diamine,  which  remains  to  be  discovered,  will,  doubt- 
less, be  finind  to  bo  diacid,  like  the  diamines  derived  from 
ethylene.  Even  now  tlie  gnmp  of  diacid  diaminea  is  xepKaented 
m  tiie  naphtyUaariea. 

Ni^tylamine  H  }-  wonoadd. 


yaphtyfane-diamine  > 

H9  ) 


The  body  which  I  designate  by  the  term  naphtylene-diaminc  is 
the  base  which  Zinin  obtained  by  the  final  action  of  sulphide  of 
ammonium  upon  dinitronaphtalin.  This  substance,  originally 
designated  as  seminaplitalidam,  and  snbspqncntly  described  as 
naphtalidine,  combines,  according  to  Zinin'a  experimentSj  with 
two  equivalents  of  hydrochloric  acid.f 

I  must  add  a  remark  suggested  by  the  perusal  of  an  interest- 
ing paper  lately  published  by  Kolbe.}  In  this  paper,  Kolbe 
refers  to  an  outline  of  the  history  of  ammonia  and  its  derivativeai 
which,  in  the  fonn  of  an  evening  lecture,  I  gave  to  the  members 
of  this  Society,  and  which  was  subsequently  printed  in  this 
jonmal.§  Kolbe  regards  many  of  the  ammonia-oompoonds 
^m  a  different  point  of  view  and  expresses  them  1^  molecular 

*  Mem.  of  Chem.  Soc.,  ii,  298. 

t  Ann.  Ch.  Phami.  Ixxxv,  828. 

t  Uebor  den  DAturlichen  Zuaammcnhaog  dw  Ol^saitciiffi  MUi  don 
Yerbiadung«n. — Mai.  Ch.  Phann.  cxiii,  293. 
9  Ohrai.  Soc;  Qo.  J.  sl» 
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fonaanlad  diftrent  from  those  which  I  have  adopted.  It  is  not 
my  intention  to  refer  in  detail  to  the  several  questions  which 
he  discusses,  more  CKpecially  since  many  of  the  theoretical  views 
iu  which  we  difler  were  broiisrht  forward  'bv  others,  and  were 
simply  introduced  into  the  sketch  with  the  view  of  rendering  it 
complete  as  possible;  yet  I  must  not  allow  this  opportunity  to 
pass  without  a  word  or  two  iu  ehicidation  of  a  question  on  which 
we  differ  more  in  appearance  than  in  reality. 

In  classifying  the  basic  ammonia-derivatives,  I  proposed  to 
designate  the  substances  formed  by  the  coalescence  of  more  than 
one  molecule  of  ammonia,  in  acocffdance  with  the  nomencUtiue 
adopted  for  the  neutral  derivatives,  and  to  distinguish,  as  mona- 
nines,  diamines,  end  triamines,  the  bases  derived  from  one,  two, 
or  thvee  moleonles  of  ammonia.  In  a  dassification  of  this  kind 
the  circamstaiioe  ooold  not  be  left  unnotioed,  that  many  of  the 
diamines  and  triamines  combine  with  one  equivalent  of  acid 
wly,  instead  of  satozaiing,  as  might  haye  been  expected  from 
their  constniction,  two  or  three  equivalents.  I  was  thus  natn- 
laUy  led  to  subdivide  again,  and  to  distinguish,  for  instaDce, 
monoacid  and  diacid  diamines,  and  I  added :  "  It  is  obvious  that 
the  question,  whctlicr  a  diamine  is  capable  of  uniting  with  one  or 
•  two  equivalents  of  acid,  must  be  intimately  connected  witli  the 
molecular  construction  of  the  basic  system.  As  yet  the  nature 
of  this  connection  remains  unknown." 

In  the  paper  quoted,  Kolbe  remarks:  "There  appears  no 
reason  why,  among  the  bodies  derived  from  two  molecules  of 
ammonia,  there  should  be,  side  by  side  with  the  diatomic  sub- 
stanoes,  others  yielding  monoatomic  ammonittm*compounds.  I 
eaanoty  HkeroSfutej,  consent  to  regard  the  nreas,  melaniliae,  and 
other  bases  containing  two  atoms  of  nitrogen,  as  true  dismines/' 

It  is  scarcely  norcstaiy  to  state  that  I  entirely  agree  with  my 
^tifiiid  if  he  views  as  true  f^jftn^^y^fti^  those  bases  which  unite  with 
tvo  equivalents  of  acid  i  &r  it  is  proved  experimentally,  that  the 
nreas  and  mekniline  combine  with  one  equivalent  of  add  only. 
AU  depends  upon  the  definition  of  the  word  diamine*  I  had  de- 
signated by  this  name  basic  compounds  derived  from  two  molecules 
flf  ammonia,  without  reference  to  the  degree  of  saturating  power ; 
and  even  now  it  appears  to  me  somewhat  arbitrary  to  limit  this 
term  to  those  substances  which  unite  with  two  equivslents  of  acid, 
especially  since  there  are  diatomic  bases  whidi  are  capable  of 
combiuLug  either  with  one  or  with  two  equivalents  of  acid. 
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5.  Aeiitm  qfBUu^^hide  qf  Carbon  up<m  Amifbtmim, 

« 

In  a  note  on  the  alleged  tranaformation  of  thi&kline  into  leucine, 
oommnnicated  some  time  ago*  to  the  Chemical  Society^  I  alluded 
to  a  cryttaUine  subetanoe  obserred  by  Wagner,  when  he  aub- 
mitted  amylamineto  tlie  action  of  bisulphide  of  caibon.  Wagner 

had  not  analysed  this  substance,  but,  considering  its  mode  of 
formation^  he  hud  buggebted  that  it  might  possibly  be  thialdiue ; 

Am^laiuiue.  Tkialdiae. 

A  simple  comparison  of  the  properties  of  thialdiue  with  those 
of  the  substance  produced  by  the  action  of  bisulphide  of  carbon 
upon  amylamine,  had  enabled  me  at  once  to  recognise  the  differ- 
ence between  the  two  bodies ;  and,  satisfied  with  the  result,  I  had 
not  at  the  time  examined  more  minutely  into  the  nature  of  the 
latter  substance. 

The  new  interest  conferred  by  recent  researches  upon  leucine 
and  its  homologues,  has  recalled  my  attention  to  the  sulphuretted 
derivative  of  amylamine. 

This  body  may  be  readily  procured  by  mixing  anhydrous  amyl- 
amine with  a  solution  of  dry  bisulpliidc  of  carbon  in  anhydrous 
ether.  The  mixture  becomes  warm,  and  deposits,  on  cooling, 
white  shining  scales^  which  arc  insoluble  in  ether,  and  may  there- 
fore be  purified  by  washing  them  with  this  liquid.  The  new  body 
is  likewise  insoluble  in  water,  but  readily  dissolves  in  alcoh(d| 
when  dry,  it  may  be  exposed  for  a  while  to  a  temperature  of 
100°  C.  without  fusing ;  after  some  time^  however,  the  substanoe 
begins  to  be  liqu^ed  and  to  undergo  complete  deoomposttionj 
sulphuretted  hydrogen  being  e?olTed.  fThe  same  change  occurs;, 
although  more  slowly^  at  the  common  temperature ;  a  mixture  of 
firee  sulphur  with  a  new  crystalline  body,  extremely  fosibley  inso- 
luble  in  water,  but  soluble  both  in  alcohol  and  ethers  remaining 
behind. 

I.   0*274  grm.  of  the  amylamine-body  burnt  with  a  mixture  of 

oxide  of  copper  and  chromate  of  lead,  gave  0'535  grm.  of  carbonic 
acid,  and  0  2535  grm.  of  water, 

*  ClNiii.8oe.Qii.  J.  z,l»9.  t  H«  1,0-19;  O-IS*  8- S8. 
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II.  0*429  ^m.  of  substance,  dissolved  in  alcohol  and  boiled  for 
some  time  with  nitrate  of  silver,  gave  0'837  gi'm.  of  sulphide  of 
silver. 

These  numbers  lead  to  the  formula 


,3NS^C,H„N. 

Theory. 

Experiment. 
I.  n. 

c„ 

182 

52*8 

68-25  — 

26 

10-4 

10-28  — 

N, 

28 

11-2 

64 

250 

25-6 
1000 

—  26-17 

«  ■ 

,  The  new  substanoe  then  is  formed  simply  by  the  union  of  two  mole- 
cnlea  of  amylamine  with  one  molecule  of  bisulphide  of  carbon. 

2CsII,3N  4  CS,  =  C^^H^NA 
Amjlamine*  New  oompoand. 

A  glance  at  this  formula  suffices  to  characterize  this  substance 
as  amyl-sulphocarbamate  of  amylammonium. 

This  view  is  readily  confirmed  by  experiment.  Addition  of 
hydrochloric  acid  to  tiic  crystalline  compound  immediately  sepa- 
rates an  oily  liquid  which  gradually  solidifies,  and  the  acid  solu- 
tion then  contains  amylamine  which  may  be  liberated  by  potassa. 
The  oily  substance  is  obviously  amyl-sulphoearbamic  acid.  This 
body  is  readily  soluble  in  ether,  by  whicli  it  may  be  separated  from 
the  chloride  of  amylammonium ;  it  dissolves  in  ammonia  and  in 
potassa ;  mixed  with  amylamine  it  reproduces  the  original  ciystal- 
line  compound. 

T!xperinicnts  with  ethylamine  have  furnished  perfectly  analogous 
results.  I  ha^c  been  satisfied  to  establish  qualitatively  the 
analogy  of  the  reactions. 

It  is  of  some  interest  to  compare  the  rloportmciit  of  amylamine 
under  the  influence  of  bisulphide  of  carbon  with  that  of  phenyl- 
amine  in  the  same  conditions.   If  these  two  bodies  gave  rise  to 


JIOVMAKH  ON 


similar  changes,  we  should  expect,  in  the  case  oi  phenylamiue,  the 
formation  of  phenyl -sulphocarbamate  of  phenylaramonium.  But 
experiment  proves  that  phenylamine  produces  diphenyl-sulphocar- 
bouyl-diamide  (sulpiux^baiiilide),  «alphuretted  hjdiogeu  being 
evolved : — 

Phenylamine.    .  Diphenvl-sulpho- 

cutonyl-diunide. 

Nevertheless  it  is  extremely  probable  that  further  experiments 
will  establish  the  perfect  analogy  in  the  deportment  of  amylamine 
and  phenylamine  with  bisulpliide  of  carbon.  Diphenyl-sulpho- 
carbonyl-diamide  is  probably  the  product  of  decomposition  of  a 
▼eiy  unstable  phenyl-snlphocarbamate  of  plmylainmoniiiin^ 

Phenyl  eulphocarbft-  Diphenyl-sulpho- 
mate  of  pheaylamf  csrbonyl-dismidft. 
moniua. 

wbile  a  more  minnte  etamination  of  Hie  cryBtalline  substanee 
obtained  by  the  action  of  heat  upon  amyl-snlphocarbamate  of 
amyiionmaniam  cannot  tul  to  characterise  it  as  diamyUaulphocar- 
bonyl-diamide. 

C„H^NA   °    H,8    +  C..H^N^ 

Antiyl-sulpliocarba-  .      •  Diainvlsulphocar- 

mate  of  amylam-  bonj'l-diunide« 
numium. 

The  apparent  dianmilarity  of  the  two  reacHona  would  thna  he 
reduced  to  fhe  unequal  atahlKtj  of  the  tulphocarharaie  adds  of  the 
smyl*  and  plicnvl-seriea. 


6.  On  the  mm  ^  PmiiaMoride  of  AnHmm^  m  the  Preparatkm  qf 

CMorine'Compounds^ 

Under  a  «lQ«dk»  aky  nobody  would  think  of  piepanaf  the 
tetnohlonde  of  carbon  by  any  other  proeeaa  than  1^  acting  tvitfi 
chlorine  upon  chloroform.  Exposed  to  dindt  a«n2^ht»  diloro* 
fom,  when  diatiUed  in  an  atmoqphm  of  chltiflrine>  is  rapidly 
oosavected  into  tetnioUonde  of  eaition.  A  London  November  sky 
i%  hovevei^  ratbav  unfiifoutihie  to  this  process,  and  when  requir- 
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ing  lately,  for  some  experiments,  a  nnall  quantity  of  the  tetnt* 
chloride,  I  was  compelled  to  have  recourse  to  another  me^iodt 
A  well-known  process,  for  which  we  are  indebted  to  Prof.  Kolbei 
ooQiiats  in  submitting  the  bisulphide  of  carbon  to  the  action  of 
chlorine  at  a  red  heat,  when  chloride  of  sulphur  and  chloride  of 
carbon  arc  fonned.  I  have  repeatedly  availed  myself  of  this 
process,  which,  when  a  large  quantity  of  chloride  of  carbon  is  * 
to  be  prepared,  leaves  nothing  to  be  desired.  When,  however,  a 
small  amount  is  rapidly  required,  the  apparatus  involved  in  this  . 
process  becomes  rather  inoonreniently  troublesome. 

I  have,  therefore,  endeavoured  to  substitute  chlorine  in  a  state 
of  combination  for  the  free  clilorine.    Pcntachloride  of  phos-  • 
phorns,  as  is  well  known,  exerts  so  little  action  upon  bisuljihidc  of 
carbon,  that  it  has  been  found  convenient  to  prepare  the  penta-  • 
chloride  of  pliospiiorus  by  saturating  a  solution  of  pliosphorus  in 
bisulphide  of  carbon  with  chlorine  gas.     There  is  hkewise,  no  - 
reaction  between  pcntaehloride  of  phosphorus  and  bisulphide  of  . 
earboa  at  100°  under  pressure  ;  it  is  only  at  a  higher  temperature  • 
that  an  action  takes  place.    A  very  different  result  is  obtained 
when  the  latter  compound  is  submitted  to  the  action  of  penta- 
chloridc  of  antimony,  the  chlorinating  properties  of  which  were  . 
first  noticed  by  Wohlcr. 

On  adding  pentachloride  of  antimony  to  bisulphide  of  carbon,  a 
transparent  mixture  is  obtained,  which  exhibits,  after  a  few 
minutes,  a  powerful  reaction,  becoming  very  hot,  and  aseuming  a 
dark  reddish-brown  colour;  the  mixture  deposits  on  cooling  a 
copious  crystallization  of  terchloride  of  antimony,  interspersed  with 
well-formed  sulphur-crystals.  The  liquid  poured  off  from  the 
crystals  consists  chiefly  of  tetrachloride  of  carbon,  retaining  some  * 
bisulphide  of  carbon^  chloride  of  sulphur,  and  terchloride  of  - 
antimony : — 

CS,  +  iJSbCl,  =  CCI4  +  2SbCl,  +  Sg. 

I  had  expected  that  the  reaction  would  give  rise  to  the  forma- 
tion of  a  compound  SbCl^S  j  but  I  have  always  found  that  the 
terchloride  of  antimony  and  the  sulphur  are  separately  dej)08ited ; 
and  the  same  observation  was  made  by  jNIr.  H.  McLeod,  who  has 
frequently  carried  out  this  reaction  in  my  laboratory,  modifying 
the  proportions  and  the  conditions  of  the  cxpt  rnneut  to  a  consi- 
derable extent.  The  small  quantity  of  chloride  of  sulphur,  which 
is  cimnltaneoaaiy  formed,  appears  to  be  the  prodiict  of  a  aecoadaiy . 
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.reaction,  a  portiou  of  the  pcntacliloride  not  ^et  acted  upon  being 
reduced  by  the  separated  sulphur. 

If  the  experiment  be  made  with  a  couple  of  ounces,  the  two 
liquids  must  be  mixed  in  a  flask  provided  with  a  vertical  cooling 
apparatus;  the  reaction  is  so  powerful,  that  a  considerable 
quantity  of  the  material  would  be  lost  without  this  precaution. 
Whilst  studying  tliis  process,  X  have  allowed  the  two  liquids  to 
act  upon  each  other  in  various  proportions :  on  employing  1  eq. 
of  bisulphide  of  carbon  (1  part  by  weight)  and  2  eq.  of  penta- 
chloride  of  antimony  (8  parts  by  weight)  the  decomposition  is 
pretty  complete;  on  acconnt  of  the  formation  of  chloride  of 
aulphnr^  however,  the  theoretical  quantity  of  chloride  of  carbon  it 
never  reached.  The  process  yields  a  much  more  copioos  result 
when  the  pentachloride  of  antimony  is  mixed  with  a  considerable 
excess  of  bisulphide  of  carbon,  and  the  mixture,  whilst  boiling  in 
a  retort,  is  submitted  to  the  action  of  a  current  of  chlorine  gas. 
In  this  manner  large  quantities  of  bisulphide  of  carbon  may  be- 
transformed  into  the  tetrachloride  by  the  intervention  of  a  com- 
paratively small  quantity  of  pentachloride  of  antimony. 

In  order  to  purify  tl^  tetrachloride  of  carbon,  the  product  of 
the  reaction  is  submitted  to  distiUatiou ;  the  liquid  passing  over 
below  100°  is  boiled  for  some  time  with  a  solution  of  potassa, 
which  ri  iaoves  tcrchloridc  of  antimony  and  chloride  of  sulphur, 
together  with  any  undecomposcd  bisulphide  of  carbon.  From  the 
product;  boiling  at  a  higher  tcuiperature,  a  considerable  quantity 
of  pure  terchloride  of  antimony  may  be  recovered. 

The  tetrachloride  obtained  by  this  process  exhibits  all  the 
properties  of  the  product  obtained  by  other  modes  of  preparation. 
It  boils  at  IT.  The  determination  of  the  chlorine  gave  the 
following  results : — 

0*195  grm.  of  substance,  ignited  with  lime,  furnished  0*780 
chloride  of  silver. 

Theory.  Ezperimeut. 
C  12        7-79  — 

Q\      142      92-21  92-56. 

164  100*00 

•  Ftentaddoride  of  antunony  may  he  used  with  advantage  in  many 
cases  as  a  earner  of  free  chlorine.  On  heating  a  very  moderate 
quantity  of  pentachloride  of  antimony  in  a  retort  conneefeed  with 
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aa  inverted  cooling  apparatos,  and  paasing  skn^taneotisly  currents 
of  dry  defiant  gas  and  chlorine  through  the  hoiling  liquid^  a  very 
large  amount  of  Dutch  liquid  may  be  obtained  in  an  exceedingly 
short  time.  In  an  atmosphere  of  pentachloride  of  antimony^  the 
combination  of  the  ethylene  and  the  clilorinc  goes  on  with  the 
f^reatest  facility.  As  soon  as  the  retort  is  filled  with  the  Dutch 
liquid,  the  access  of  the  two  gases  is  interrupted,  and  the  liquid 
distilled.  The  portion  boiling  ])elow  100^  requires  only  to  be 
once  more  reetdied  in  order  to  furnish  perfectly  pure  bichloride  of 
ethylene.  The  residue  in  the  retort  consists  of  a  mixture  of 
tcrchloride  and  pentachloride  of  antimony^  whiph  may  serve  for  a 
new  experiment. 

The  preparation  of  large  quantities  of  pentachloride  of  antimony 
presents  no  difficulty  whatever,  since  antimony  combines  readily 
with  chlorine  at  the  common  temperature.  A  simple  mode  of 
proceeding  consists  in  introducing  the  antimony,  coarsely  pow- 
dered, into  a  combustion-tube  from  5  to  6  feet  long,  rising  at  an 
an^  of  10^  or  16**,  one  end  of  which  is  fitted  into  one  tubu- 
lature  of  a. two-necked  glass  ^be,  the  other  neck  of  the  globe 
communicating  with  a  tube  supplying,  dry  chlorine  gas.  The 
combtnation  taking  place  in  the  tube,  the  product  flows  backwards 
into  the  globe,  whilst  the  long  layer  of  antimony  prevents  the 
escape  of  any  cUorine. 


7.  On  Di-iodide  qf  Methylene* 

Being  engaged  in  some  experiments  on  the  action  of  chloride  of 
carbon  CCl^  on  tlie  phosphorus-bases,  I  thought  it  desirable  to 
study  likewise  the  deportment  of  these  substances  under  the 
influence  of  the  corresponding  iodide.  Bearing  in  mind  the 
facility  with  which  chloroform  is  converted  into  chloride  of  carbon, 
I  had  some  liopc  of  procuring  the  iodide  by  the  action  of  dry 
iodine  upon  iodoform 

•  CHI3  +  la  =  HI  +  CI^  (?) 

When  a  mixtnre  of  iodoform  and  iodine,  in  the  equivalent  pro'^ 
portions  of  the  above  equation,  was  exposed  in  sealed  tubes  to  a 
temperatare  of  from  140"  to  150^0.^  the  iodoform  was  found  to  be 
changed  after  the  lapse  of  some  hours.  On  opening  the  tubes,  an 
add  gas  was  evolved;  and  on  distilling  the  dark  solid  leaidne  with 
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watar,  aa  aiomatie  bod^r  pasied  over,  wkksh  ooUaetlei  in  tlM^ 
reoehner  in  ibe  form  of  heavy  oily  drops.  DMsokniMd  by  potasaiT 
and  freed  from  water  by  cbloride  of  caknami  tiie  oily  body  boilod 

at  about  180'',  a  considerable  portion  bein^  decompoeed,  wiA. 
evolution  of  hydiiodic  acid,  nnd  tho  distilliitc  reassuming  the  red 
coloration.  The  liquid  was  tlu^refurc  distilled  in  vacuo;  it  then 
passed  over  colourless,  and  without  decomposition,  at  a  tempera- 
ture scarcely  higher  thau  the  boiling  point  of  water. 

I.  1*222  grm.  of  anl)stancc,  burnt  with  chromate  of  lead^  gate 
0*2077  ^Tu.  of  carbonic  acid,  and  0  0800  §^rm.  of  water. 

TT.  0  705  *rrm.  of  sabatance  burnt  with  lime^  fumiahed  1*243 
grm.  of  iodide  of  silver. 

Tbeae  numbera  repreaent  the  oomposition  of  di-iodide  of  methy- 
lene—- 

only  recently  discovered  by  Boutlcrow.* 

Thtoiy.  Eiptrimt. 

C     12        4*4«  4G3  ~ 

2        0-74  0-73  — 

L   254       94-78  —      95  27 


268  100-00 

The  compound  analysed  was  indeed  pure  di-iodide  of  methylene. 
At  a  temperature  near  the  freezing  point  of  water,  it  solidified  in 
large  crystalline  plates,  and  exhibited  in  every  respect  the  pro- 
perties described  by  Bontlerow.  The  analysis  of  the  substance 
received  moreover  additional  confirmation  in  a  variety  of  aubsti- 
tntiona  in  which  it  was  anbaeqnently  employed. 

The  idea  naturally  suggested  itself  that  the  free  iodine  had  no 
share  in  iho  formation  of  the  di-iodide  of  methylene  in  the  process 
described,  but  that  the  transformation  of  tlic  iodoform  was  ex- 
doaively  due  to  the  action  of  heat.  Experiment  has  verified  this 
anticipation.  Iodoform,  when  heated  by  itself  in  sealed  tubes,  at 
a  temperature  of  150°C.  for  several  hours,  fnrnislied,  on  subsequent 
distillation  with  water,  a  very  appreciable  quantity  of  di-iodide  of 
methylene.  A  comparative  experiment,  in  which  I  followed  the 
plan  reeommended  by  Boutlcrow  {1  eq.  of  iodoform,  and  3  eqs. 
of  cthylate  of  sodium),  leads  me  to  think  that  the  action  of  heat 

*  Compt.  read.  xKi,  695. 
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yields  a  larger  prodtict  and  involm  on  the  whole  a  to  leie 
tvoabletome  operation.  The  iaeqiudity  of  the  amoimt  of  pto» 
duot  in  my  experimented  hofrever^  may  possibly  be  ucfibed  to  the 
eiroumaiattce  that  I  have  repeatedly  prepared  the  methylene^ 
compound  by  expoBing  iodoft>nn  to  the  action  of  heat  alone>  trhile 
Bontlerow's  prooeaa  was  only  once  or  twice  adopted* 

The  tranaibnnatiDn  of  iodofbrm  into  di-iodide  of  methlene  hf 
one  or  other  of  these  processes  is  strange  enough,  and  as  yet 
remains  entirely  unexplained;  there  is  formed,  together  with  the 
methylene-componud,  a  quantity  of  a  brown  snhstancei  the  nature 
of  which  appears  anything  but  attractive* 

i 

8.  Dibruinide  of  Ethylene, 

The  usual  mode  of  preparing  this  compound,  which  of  late 
has  acquired  considerable  iuterest,  consists  in  passing  ethylene 
into  bromine  covered  with  a  layer  of  water.  This  method  is 
extremely  tedious,  since,  in  order  to  avoid  the  loss  of  both  bro- 
mine and  of  ethylene,  the  gas  can  be  but  slowly  transmitted 
through  the  liquid.  The  eompouud  may,  however,  be  rapidly 
obtained  without  the  slightest  loss,  by  an  exceedingly  simple 
nioditicutioii  of  the  process. 

A  strong  glass  i)ottle,  of  2  or  3  litres  capacity,  is  pro\nded  with 
a  perforated  cork,  through  which  is  fitted  a  glass  tube  open  at 
both  cuds,  one  of  which  reaches  nearly  to  tlic  bottom  of  the  bottle, 
whilst  the  other,  slightly  projecting  ovt  r  the  cork,  communicates 
by  means  of  a  llcxiblc  india  ru])bcr  tube  with  the  gasholder  con- 
taining the  ethylene.  To  &tart  tlie  operation,  tlie  bottle  is 
detached,  and  filled  over  water  with  ethylene  gas,  into  which  are 
then  poured  from  100  to  130  grm.  of  commercial  bronune,  and 
about  half  that  quantity  of  water,  the  cork  with  the  glass  tube 
being  immediately  replaced.  On  gently  agitating  the  bottle,  the 
ethylene  is  rapidly  absorbed,  and  on  turning  the  stop-cock  of  tlu^ 
gaisholder,  the  gas  rushes  into  the  bottle  exactly  as  into  a  vacuum. 
If  the  agitation  be  continued,  a  very  large  volume  of  ethylene  may 
be  thus  united  with  bromine  in  an  exceedingly  short  space  of  time, 
without  the  loss  of  a  particle  of  the  constituents  or  of  the  com- 
pound. As  soon  as  the  absorption  becomes  languid,  the  bromine 
is  renewed,  and  the  process  continued  in  this  manner  until  thfe 
accumulation  of  the  dibromide  renders  it  desirable  to  interrupt 
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operatioii.  ,  yfhm  working  upon  a  verj  large  scale,  it  is  con- 
venient  to  insert  between  the  al)Borption-bottle  and  the  gasholder  a 
wash-bottle  filled  with  water  or  dilute  potassa,  which  serves  as  a 
gauge  for  tlic  rapidity  of  the  gas-ciurent,  purifying  the  gas  at 
the  same  time,  if  necessary,  and  intercepting,  moreover,  any  bro- 
mine-vapour that  may  have  risen  into  the  india  rubber  tube,  if  the 
mixture  should  have  become  hot,  in  consequence  of  too  rapid 
absorption. 

9.  Metamorpkaw  of  M<moArminated  Ethylene, 

A  quantity  of  monobromiuated  ethylene  (bromide  of  vinyl)  was 
sealed  up  in  a  glass  tube  with  the  view  of  preserving  it.  After  the 
lapse  of  a  night,  the  colourless  extremely  mobile  liquid  was  found 
to  have  become  a  white  porcelain-like  mass,  and  on  opening  the 
tube  all  pressure  had  disappeared.  The  white  subetanee  was 
perfectly  amorphous  and  inodorous,  and  proved  insoluble  in  water, 
in  alcohol,  and  in  ether.  When  heated  it  was  duunred,  with 
abundant  evolution  of  hydrobromic  acid. 

Analysis  showed,  as  might  have  been  expected,  that  the  altera- 
tion of  the  monobromiuated  ethylene  had  been  simply  molecular. 
0*295 1  gi  in.  substance,  burnt  with  cliromate  of  lead,  gave 
0'2178J.  grm.  of  carbonic  acid  and  0  0780  grm.  of 
water. 

The  values  corresponding  to  the  foimula  C^UsBr  are : — 

Theoiy.  Bxperimfiii. 

Ca         24  22-48  22-87 

H,          3  2*80  2*93 

Br         80  74-77  — 


107  100-00 

The  chemical  relations  of  bromide  of  vinyl  are  as  yet  but 
slightly  examined.  From  its  formula,,  the  body  might  be  consi- 
dered as  the  hydrobromic  ether  of  an  alcohol  homologous  to 
allylic  alcohol;  this  mode  of  viewing  it,  however,  is  not  supported 
by  the  general  deportment  of  the  compound.  The  peculiar  mole- 
cular transformation  which  it  imdergoes  points  rather  to  aldehydic 
relations,  aldehyde  being  isomeric  with  the  alcohol  in  question.- 
As  in  the  case  of  aldehyde,  the  conditions  involving  these  trans- 
formations are  utterly  unknown ;  I  have  vainly  tried  to  fix  the 
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circumstnnces  under  whicK  the  solid  modification  of  bromide  of 
Tinyl  is  fomed.  In  some  cases  the  li(]uid  bromide  was  pre- 
served for  weeks  without  the  slightest  change,  wlien  suddenly  the 
liquid  was  found  to  have  been  transformed  throughout  its  entire 
mass*  At  one  time  X  thought  I  had  observed  that  the  presence  of 
water  finrouied  the  metamorphosis^  but  I  hare  convinced  myself 
bf  special  experiments  that  this  is  not  the  case.  The  change 
takes  place  as  capriciously  in  the  presence  as  in  the  absence  of 
water. 

It  deserves  to  be  noticed  that  other  bodies  derived  from 
ethylene  by  substitution  are  prone  to  similar  transformations. 
Hius  Regnault^*  many  years  ago^  observed  analogous  pheno« 
mena  in  the  case  of  dichlorinated  ethylene. 

10.  lodMde  of  Ethyl. 

The  reaction  generally  nsed  for  the  preparation  of  this  cora- 
pouud  is  so  simple  and  clcgaut,  that  it  would  be  difficult  to  propose 
a  better  method.  Indeed,  all  the  processes  which  have  been  sug- 
gested difler  only  as  to  the  proportions  of  iodine,  pliosphoms,  and 
alcohol,  or  as  to  the  manner  in  which  ihe»c  substances  are  to  be 
brought  into  contact  "witli  each  other.  Iodide  of  ethyl  being 
extensively  nsed  as  substitution-material  in  all  laboratories,  every 
obsen-ation  which  is  calculated  to  facilitate  the  preparation  of  this 
body  may  prove  acceptable. 

l%e  common  plan  of  gradually  introducing  fragments  of 
pho^horas  into  the  mixture  of  alcohol  and  iodine  has  the  disad- 
vantage of  occasionally  giving  rise  to  powecfid  reactions^  involving 
considerable  loss  of  materials,  even  when  great  care  is  taken  to 
add  the  phosphoros  slowly  and  in  little  fragments.  This  incon* 
venienoe  may  be  readily  avoided  by  introducing  the  phosphorus^ 
together  with  about  a  fourth  o(  the  alcohol  to  be  used,  into  a 
retinrt  connected  with  an  effident  cooler,  into  the  tubulus  of  which 
is  fitted  a  i^ss  globe,  provided  with  tube  and  stopcockf  The 
rest  of  the  alcohol  is  then  poured  upon  the  iodine,  and  the  bqIu- 
tion  thus  obtained  is  introduced  through  the  globe  into  the  retort, 
which  is  heated  on  a  sand-bath  or  in  a  water-bath.   Iodine  is  but 

•  Ana.  Chiaa.  ri:yi.  Uix,  151. 

f  The  apparatus  ii"*  l  in  tlic  preparation  of  irtoUiylpbo^>hiae  utajT  1m  9ga* 
Tenimty  emplojrcd.— Cliciu.  Hoc,  Qu.  J.»  xi,  W. 
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sparingly  soluble  in  alcohol,  but  excessively  so  in  iodide  of  ethyl; 
it  is,  therefore,  only  necessary  to  pour  the  first  portion  Avhich 
di^stils  upon  the  residuary  iodine,  which  is  readily  dissolved,  and 
to  allow  the  concentrated  iodine  solution  thus  obtained  to  flow 
through  the  globe  into  the  retort,  where  it  is  instantaneously 
converted  into  iodide  of  ethyl.  This  process  is  especially  conve- 
nient when  the  iodide  of  etliyl  is  to  be  prepared  on  a  nithcr  large 
scale.  In  this  case  1  find  it  convenient  to  dissolve  the  iodine  at 
once  in  iodide  of  ethyl,  and  to  introduce  it  slowly  through  the 
globe  into  the  xetort.  The  stopcock  being  appropriately  a^juated, 
the  pipoen  reqniret  but  little  attention^  and,  being  oontunnonii 
yields  a  ymy  large  product  in  a  comparatively  limited  tiniA,  The 
iodide  genmlly  distils  at  once  perfeotly  odonrleiSi  and  requires 
only  to  be  washed  with  water  in  order  to  become  firee  from  traces 
of  alcohol.  It  deserves  to  be  noticed  that  the  process  may  be 
oarried  ont  m  a  yery  mpdavate-siiad  retort,  since  there  is  only 
a  Tery  limited  portion  of  material  at  a  time  under  operation. 

Convenient  proportioiis  iodide  of  ethyl  are  1000  grammet  of 
iodine,  700  grammes  of  aloohd,  of  spec.  grav.  0*84  (83  per  oent.), 
and  60  grammes  of  phosphorus.  Fhmi  96  to  96  per  cent,  of  the 
theoretical  iinaniily  of  pure  iodide  of  ethyl  are  obtained.  It 
deserves  to  be  noticed  how  small  a  quantity  of  phosphorus  is 
neceAsaiy  for  the  etherification  of  the  iodine,  the  quantity  stated 
being  less  than  one-half  of  the  amount  given  in  the  majority  of 
prescriptions. 

Iodide  of  methyl  and  iodide  of  amyl  may  ]>e  prepared  in  the 
same  manner.  In  the  case  of  iodide  of  methyl,  the  followinj^ 
proportions  have  been  found  by  experiment  to  work  well.  1000 
grammes  of  iodine,  500  grammes  of  methylic  alcohol  (the  fraction 
boiling  below  74°),  and  60  grammes  of  phosphorus.  The  product, 
owing  to  the  volatility  of  the  compound,  is  somewhat  less  than  iu 
the  previous  case,  amounting  to  irom  U4  to  96  per  cent,  qS  the 
theorstical  quantity. 

11.  On  /Ae  dqMirtmeni  of  Cyanate  ef  EthMftwith  BihykOe  of  Bodhim. 

In  a  former  note**  I  have  stated  that  cyanate  of  ethyl,  when 
heated  with  ethylate  of  sodium,  is  oonverted  into  tnethylamine 
and  carbonate  of  sodium.  But  I  have  pointed  out  at  the  same 
time  that,  owing  to  the  facility  with  which  the  ethylate  of  sodium 

♦  Chcm.  6oc.,  Ciu.  J.,  x,  20. 
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undergoes  decomposition  at  comparatively  moderate  temperatures, 
the  process  iu  question  appeared  to  be  of  limited  applicaiiuu. 

I  have  lately  had  occasion  to  resume  the  study  of  cyanate  of 
phenyl,  which  I  described  several  years  ago.*  It  appeared  to  me 
to  of  some  interest  to  apply  the  above  reaction  to  the  prepara- 
tion of  triphenylamine.  On  performing  the  experiment,  I  found, 
however,  that  phenylate  of  sodium  and  cyanate  of  phenyl  give  rise 
to  a  difi^pjnent  reaction;  no  triphenylaauue  was  obtained  in  tbia 
pfoeess. 

This  nnexpected  result  induced  me  to  repeat  the  experiment  on 
tl|6  iMition  of  cthylate  of  sodium  upon  cyanate  of  ethyi.  I  bftVQ 
Ibiuid  that  in  this  case  likewise  the  reaction  frequently  assumes  a 
form  different  from  that  which  I  had  previously  obserred,  and 
w]»ieh  welujef  t)ie  productioii  of  tnethylamine,  },  am  engaged  in 
tlie  9My  of  this  tKansfinrmation,  the  result  ofyrkitsk  I  propose  to 
lej  befi^  the  Sgpietj  on  lome  fottue  occaaion. 

12.  On  Glycerin, 

Before  the  nature  of  tbia  interesting  compound  had  been  finally 
established  by  Berthelot's  remarkable  inquiries^  it  had  been 
frequently  surmised,  that  the  aaponifioation  of  the  several  &tty 
bodUea  which  are  found  in  nature  did  not  invariably  furnish  the 
Sfime  kind  of  glycerin. 

This  vieir  appeared  to  reeeive  new  support  in  the  reseerdies  pf 
Wnrtz,  who  has  rendered  it  probable  that  glycerin  is  but  the  type 
of  a  clans  of  homologous  triatomic  alcohols. 

As  a  contribution  towards  the  elucidation  of  this  question,  an 
experiment  may  be  briefly  mentioned  which  arose  from  a  conversa- 
tion with  niy  friend  Mr.  (ieorgc  Ferguson  Wilson,  the 
technical  director  of  the  great  establishment  well  known  as 
Price's  Patent  Candle  Company.  !Many  hundred  weights  of 
glycerin  are  weekly  separated  iu  these  works,  by  simple  stcam- 
saponification,  from  a  considerable  variety  of  fatty  bodies  ;  a?id 
Mr,  Wilson,  who  has  studied  with  predilectio4  the  preparation 
and  purification  of  glycerin  pn  a  large  scale,  has  acqtdred  a  sum 
of  practical  information  upon  this  subject  such  as  will  not  easily 
be  found  again.  To  my  question,  whether  there  is  more  than  one 
kind  of  ^ycerin,  Mr.  Wilson  replied,  that  in  his  opinion  all 
the  fatty  bodies  whieh  he  had  examined  contained  the  same 

•  Ciicjn.  6oc.,  tiu.  J.,  ii,  ?2S. 
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variety  of  glycerin,  with  the  exccptiou  of  cocoa- nut  oil,  the 
plyceriu-like  constituent  of  which  dilVcred  in  many  respects  bo 
much  from  ordinary  gljceiiu^  that  lie  waa  inclined  to  consider 
it  as  a  special  variety. 

Since  this  question  admitted  of  a  siinplc  experimental  solution, 
Mr.  Wilson  kindly  supplied  me  with  a  quantity  of  glycerin 
ohtained  by  the  saponification  of  cocoa-nut  oil.  This  snhstauce, 
although  prepared  in  the  same  manner,  differed  in  colour  and 
odour  from  the  glycerin  furnished  by  other  fatty  substanoea.  But 
notwithstanding  the  colouring  matter,  and  an  odorous  principle 
which  adhered  with  great  pertinacity,  it  was  not  difficult  to 
identify  the  compound  under  examination  with  ordinary  glycerin. 
Distilled  with  iodide  of  phosphorus  it  furnished  iodide  of  allyl^ 
which  exhibited  the  same  boiling  point  as  that  obtained  from 
ordinary  glycerin,  and  was  also  transformed  under  the  soooesslTe 
influence  of  oxalate  of  silyer  and  ammonia,  lespeotiTely,  into 
oxalate  of  allyl  and  allyl-aloohol. 

These  experiments  appear  to  solve  the  question  as  &r  as  coooa- 
nut  oil  is  concerned. 

« 

Id.  VktUroiokUe  Acid. 

The  nitro-substitutes  of  the  aromatic  adds  are  but  dowly 

transformed  into  dinitro-compounds.    Whoever  has  made  the 

experiment  in  the  hcnzoyl-series  has  had  an  opportunity  of 
experiencing  this  difficulty.  The  same  remark  applies  to  the 
toluvl-scries  :  Noad  *  to  whom  wc  arc  indebted  for  the  first  know- 
ledge  of  this  group,  found  that  nitrotoluic  acid  may  be  dissolved  in 
a  boiling  mixture  of  nitric  and  sulphuric  acids  without  undergoiug 
anv  alteration. 

"Whilst  siiulying  some  rcdnctioii  ])lieiiomena  of  nitro-i'ouii)Ounds, 
I  felt  an  interest  in  procuring,  if  possible,  a  small  quantity  of 
dinitrotoluic  acid,  and  by  my  desire  Mr.  William  Temple  has 
prepared  this  substance.  Pure  nitrotoluic  acid  was  digested  for 
two  days  with  three  times  its  weight  of  equal  parts  of  fhming  nitric 
and  sulphuric  acids.  The  solution  being  mixed  with  an  equal 
volume  of  water^  a  crystallization  of  dinitrotoluii^  add  was  obtained 
on  cooling.  It  was  washed,  recrystalliaed  from  water;^  and  sub- 
mitted to  analysis. 

I.  0'582  grm.  of  acid,  burnt  with  oxide  of  copper,  gave  0*906 
grm.  of  carbonic  acid  and  0*152  ^^nn.  of  water. 

*  .Mem.  til.  Sec,  III,  437. 
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II.  0*896  grm,  of  acid  gave  0*614  grm.  of  carbonic  add  and 
0^106  gnn.  of  water. 

These  numbers  prove  that  the  acid  consisted  of  diuitrotoluic 
acid  CgUjNgOg  =  Cg[IIg(NOa)  JO^  in  a  state  of  purity. 
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This  result  is  fully  confirmed  by  the  analysis  of  the  silver-salt, 
which  is  obtained  in  the  form  of  a  white  precipitate  on  addition  of 
nitrate  of  silver  to  a  solution  of  dinitrotuluatc  of  ammonium. 
The  silver-salt  contains 

I.  0  (309  grm.  of  silver-salt  gave  on  combujstioDj  0'64t5  grm.  of 
carbonic  acid  and  0*094  grm.  of  water. 

II.  0130  grm.  of  silver-salt  gave  0  042  grm.  of  silver. 

Experiment. 

28-83  28-78  — 

1-60  1*71  — 

82*48  — *  32-30 

8-41  —  — 

28*83  —  — 

10000 

14.  Onhatin, 

Few  bodies  have  tixed  tlie  attention  (;f  chemists  more  generally 
than  indi*^o.  But  have  their  experiments  led  to  a  satisfactory 
view  regarding  the  nature  of  this  colouring:  matter  V  The  brilliant 
labours  of  £rdmann  and  of  Laurent  have  brought  to  light  a  rich 
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harvest  of  the  most  interesting  derivatives  of  iudigo,  but  they  have 
left  us  in  uncertainty  with  regard  to  the  oonstitutiQii  Qf  thia  group 
of  compounds. 

With  the  hope  of  throwing  some  light  upon  this  tubjcct^  I  have 
endeavoured  to  eliminate  the  nitrogen  from  these  compounds  by 
prooesses  likely  to  act  without  producing  too  powerful  idterations. 
The  mode  of  action  peculiar  to  nitrous  acid  appeared  to  promise 
some  r^ults;  and  since  indigo,  owing  to  its  inaolubiLity,  is  but 
little  adapted  to  this  reaction^  I  have  made  some  experiments  with 
isatiD,  wliich  is  so  doedy  allied  to  indigo. 

Supposing  isatin  to  undergo  a  transfcKmation  analogous  to  that 
first  observed  by  Piria  in  similar  eases,  and  consisting  arithme- 
tically in  the  exchange  of  HN  fbr  O,  there  appcarad  some  hope  of 
obtaining  in  this  manner  naphtalic  anhydiidej  and  of  thus  open- 
ing a  passage  from  th^  indigo-group  into  the  naphtalia»Beriei* 


The  history  of  these  two  bodies  presents  some  features  which 
conferred  a  degree  of  probaljility  on  such  a  transformation. 
Both  isatin  and  naphtalic  anhydride  readily  assimilate  tlie  ele- 
ments of  water,  boinj^  converted  respectively  into  isatic  and 
naphtalic  acids,  which,  when  submitted  to  the  action  of  alkalies, 
give  both  rise  to  the  formation  of  phenylic  derivatives,  isatic  acid 
yielding  phenylamine,  and  naphtalic  acid  being  conyerted  into 
hydride  of  phenyl  (benaol). 

Experiment,  howcT^,  has  not  confirmed  my  anticipation,  and  it 
might  seem  superfluous  to  waste  another  word  upon  the  subject; 
nevertheless,  I  will  briefly  mention  the  result  of  this  unsuccessful 
experiment,  since  it  may  probably  save  some  trouble  to  others. 

When  studying  the  deportment  of  isatin  with  nitrons  add,  I 
observed  the  following  &cts.  If  findy  powdered  isatin  be  sus- 
pended in  from  ten  to  twenty  times  its  wdght  of  water,  and  the 
mixture  be  then  submitted  to  the  action  of  a  current  oi  nitrous 
add  (disengaged  by  the  action  of  arsenious  add  upon  nitric  tuddg 
and  partially  freed  from  nitric  add  by  sending  it  through  an 
empty  wash-bottle),  the  liquid  at  once  begins  to  effervesce,  and  the 
isatin  is  soon  entirely  dissolved.  The  nearly  colourless  solution 
invariably  contains  a  considerable  quantity  of  nitric  acid  generated 
by  tlie  contact  of  the  nitrous  acid  with  the  water.  To  avoid  the 
action  of  ihia  acid  upon  the  product  of  the  transformation  of  the 
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Naphtalic  anhydride  . 
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isatiQ,  the  liquid,  mixed  with  much  water,  was  evaporated  upon  th^ 
water-bath,  the  water  being  repeatedly  renewed  so  as  topment  the 
nitric  acid  from  getting  concentrated.  The  liquid  thiM  evaporated 
deposited  crystals  of  an  acid  which,  once  or  twipo  veeiV8tAliifle4 
from  boiling  water,  appeared  to  be  perfectly  pure. 
Oa  analysis  the  £»UQwuig  Humbert  wen  obtajvied*— 

I.  0  1308  gnn.  of  the  acid  gave  0*7203  grm.  of  carbonic  acid, 
and  0  109^1  grm.  of  water. 

II.  0*8164  gnu.  of  the  add  gave  0*5806  grm.  of  carbonic  acid, 
and  0*0874  grm.  of  water. 

* 

These  nmnben  lead  to  the  espreasion, 
wludi  is  the  formida  of  nitrosalicylic  (indigotic)  acid. 
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Assuming  the  nitrosalic}  lie  acid  to  be  a  product  of  oxidation  of 
the  body  directly  formed  from  isatin  under  the  influence  of 
nitrons  acid^  the  solution  before  evaporation  was  neutralized  by 
means  of  an  alkali.  The  result  remained  the  same.  In  another, 
experiment,  pea-sized  pieces  of  marble  weve  introduced  into  the 
mixture  of  water  and  isatin  before  the  iiitroua  add  was  passed,  in 
order  to  remove  the  free  nitrie  acid  as  rapidly  as  it  was  formed. 
In  these  experiments,  likewise,  nitrosalic^lic  add  was  obtained. 
It  need  scarcely  be  mentioned  that  the  acid  derived  from  isatin 
possessed  all  the  properties  of  nitroaalicylic  acid  prepared  by  the 
ordinary  method ;  it  exhibited  more  especially  the  cliaructcristic 
coloration  with  p(  rcbloridc  of  iron. 

When  the  li([uid  obtained  by  treatment  with  nitrous  acid  was 
evaporated,  without  having  been  previously  mixed  either  with 
water  or  with  an  alkali,  the  isatin,  as  might  liave  been  expected, 
was  transformed  intQ  trinitrophenylic  add.   This  acid  was  suffi- 
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cieutly  characterised  by  its  properties^  and  by  the  aualysis  of  its 
^elUknown  difficultly *soluble  potossium-comj^ound. 

0*3399  grm.  of  the  potassium -salt,  when  burnt  with  chromato 
of  lead,  gave  0*8293  gm.  of  carbonic  add,  and  0*0230  grm.  of 
water. 

The  formula  C^U^KSfi^  »  Ce[H,(N03),K]0  requires  the 
following  Talueij — 
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15.  Spontaneous  Decompontion  of  Chm-^iUm, 

Some '  gun-cotton  prepared  in  the  establishment  of  Messrs. 
Hall,  soon  after  Schunhein's  discovery^  and  taken  out  of  a 
cartridge  intended  for  blasting,  had  been  preserved  by  my  friend 
Dr.  Percy  since  1847,  in  a  glass  bottle  provided  with  a  glass 
stopper.  After  some  time^  red  vapours  had  appeared  in  the 
interior  of  the  bottle,  and  the  cotton  had  crumbled  down  to  a 
loose  powder.  When  lately  the  bottle  was  again  examined,  the 
powder  was  found  to  be  converted  into  a  light  brown,  semi-flui4» 
gum-like  mass,  while  the  side  of  the  bottle  had  become  coated 
with  a  net-work  of  fine  needles.  It  was  not  difficult  to  collect  a 
sufficient  quantity  of  these  crystals;  they  exhibited  all  the  charac- 
ters of  oxalic  acid.  In  order  to  fix  their  nature  by  a  number^ 
they  were  converted,  first  iiito  the  ammoiiium-salt,  and  then  iuto 
the  silver-salt. 

0\2-i20  grm.  of  silver-salt  gave  0-2275  grm.  of  chloride  of 
silver  =  70- 71  p.c.  of  silver. 

Oxalate  of  silver  contains  71*05  p.c.  of  silver. 

The  viscid  mass  into  m  hicli  the  bulk  of  the  crnn-eottou  had  been 
converted,  exhibited  all  the  properties  of  ordinary  gum;  it  was 
likewise  interspersed  with  crystals  of  oxaUc  acid. 
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IS.  EstpenmenUtl  HhuireHon  qf  ihe.Compoiition  of  Ammmda 

inLeciuret,  •  - 

The  decomposition  of  ammonia  by  tbe  spark-current^  exhibits 
in  a  conspicaons  manner  the  condensation  which  accompanies  the 

tmusforraatiou  of  a  mixture  of  hydrogen  and  nitrogen  into 
ammonia.  It  is  more  difficult  to  illustrate  tlic  relative  proportion 
of  the  nitrogen  and  hydrogen  which  exists  in  ammonia.  The  fol- 
lowing experiment  elucidates,  though  indirectly,  this  relation. 

A  glass  tube  from  30  to  40  inches  in  length,  and  I  of  an  inch 
in  width,  is  sealed  at  one  end  and  divided  without  particular  care 
into  three  equal  parts,  whicli  are  conveniently  marked  by  paper  or 
by  india-rubber  rinn:".  The  tube  is  then  filled  over  water  with 
pure  chlorine,  and  at  once  transferred  into  a  test-glass  half  filled 
with  mercury  and  half  with  concentrated  solution  of  ammonia.  In 
ibis  manner  a  layer  of  ammonia  one  or  two  inches  in  height,  and 
separated  from  the  bulk  of  the  liquid  by  mercury,  is  collected  in 
the  tube.  A  lively  reaction  immediately  sets  in^  the  mercury 
rises,  and  the  ammonia-solution  floating  on  the  metal  effervesces, 
with  evolution  of  nitrogen^  while  the  chlorine  disappears,  dense 
white  donds  of  chloride  of  ammonium  being  formed. 

Acoofding  to  the  equation— 

H3N  +  3C1  =  8HC1  +  N, 

the  8  volumes  of  chlorine  should  be  replaced  by  1  volunio  of  nitro- 
gen, and  this  result  is  actually  observed.  At  the  eonmion  tem- 
perature, however,  the  reaction  is  but  slowly  accomplished,  the 
disengagement  of  nitrogen  from  the  solution  of  ammonia  becoming 
slower  and  slower,  but  oftcu  continuiiifr  for  liour.M.  On  the  other 
hand,  the  decomposition  is  instantaneous  if  the  tube  be  gently 
inclined,  and  the  liquid  floating  upon  the  mercury  be  heated  to 
ebullition.  To  complete  the  experiment  it  is  only  necessary  to 
transfer  the  glass  tube  into  a  high  cylinder  filled  with  water,  in 
which  the  inner  and  outer  liquids  may  become  level  when  the 
3  volumes  of  chlorine  originally  filling  the  tube,  are  foimd  to  be 
very  accuiatdy  replaced  by  1  TOlnme  of  nitrogen  gas. 

Supposing  the  oomporition  by  volnme  of  hydrochloric  add  to  be 
known,  the  compodtion  of  ammonia  is  fixed  by  this  observation, 
The  experiment  furnishes  moreover  an  instructive  illustration  of 
the  vqlnme^nivalence  of  chlorine,  hydrogen,  and  nitrogen. 
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17*.  How  to  exltibit  the  IvfiammtUtUity  .Ammonia, 

It  is  well  known  that  ammoniacal  gas  cannot  be  inflamed  in 
atmospheric  air,  hnt  will  burn  in  oxygen  gas  with  a  greenish- 
yellow  flame.  This  flame  may  be  shown  by  allowing  the  gas  to 
issue  from  a  bent  jet  into  a  vessel  eontainin«j:  oxygen.  There  is, 
however,  some  diflicuUy  in  liglitiii^  tlu:  gas,  and  under  the  most 
favourable  circumstances  the  phenomenon  is  very  ephemeral.  To 
avoid  this  inconvenience,  the  inflammability  of  ammonia  is  gene- 
rally exhibited  by  Aeuding  a  current  of  the  gas  into  an  ordinary 
flame,  tlie  ammonia-gas  being  allowed  to  issue  from  the  delivery 
tube  into  the  lower  opening  ot  an  Argand  gas-burner  provided  with 
a  glass  chimney.  The  gas  burning  low  and  almost  invisiblyi  the 
high  lambent  ammonia-flame  becomes  very  conspicuous. 

The  phenomenon  mi^^  however^  be  observed  in  a  purer  and  mudi 
more  brilliant  form^  when  a  wide-mouthed  flask^  containing  a 
strong  aqueous  solution  of  ammonia  is  heated  upon  a  sand-bath, 
and  a  rapid  current  fA  oxygen  gas  from  a  gas-holder  forced  through 
the  boiling  liquid.  The  mixture  of  oxygen  and  ammonia-gas 
thus  formed  may  be  lighted,  and  bums  at  the  mouth  of  the  flask 
with  the  characteristic  greenish-yellow  flame,  which  continues 
until  the  ammonia  is  expelled  from  the  liquid. 

18.  Separation  qf  Cadmium  from  Copper, 

Havfng  had  ocbasbn  to  perform  some  experiments  on  the  fdA* 
tive  inerits  of  the  ieveral  ptocesses  whioh  have  been  suggested  for 
the  separation  of  oadudum  from  copper,  I  was  led  to  obserre  a 

ju  opcrty  of  sulphide  of  cadmium,  which  I  do  not  find  noticed  in 
analytical  manuals.  Sulphide  of  cadmium  dissolves  with  the 
greatest  facility  in  boiling  dilute  sulphuric  acid,  which  has  no  effect 
upon  the  sulphide  of  copper.  On  precipitating,  by  sulphuretted 
hydrogen,  a  solution  containing  not  more  than  1  milligramme 
of  cadmium  mixed  with  1000  milligrammes  of  copper,  and  boiling 
the  black  precipitate  for  a  few  seconds  with  dilute  sulphuric  acid 
(1  part  of  ooiu'ontrated  sulphuric  acid  and  5  parts  of  water),  a 
colourless  filtrate  is  oljtaincd,  in  which  an  aqueous  solution  of 
sulphuretted  hydrogen  produces  an  unmistakable  precipitate  of 
ydlow  sulphide  of  cadmium.  Another  solution  of  the  same  oom- 
^oeition  was  mixed  with  an  excess  of  c^ysiude  of  |K)ta8sium  and 
treated  with  sulphuretted  hydrogen  gas.    A  distinot  yellolr 
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eolotilioli  wn  bUerad :  a  deporit  likewise  took  plaoBy  kiit  w 
slowly  that  in  flelicaby  the  former  experiment  appears  to  hare  a 

considerable  advantage,  especially  since  a  solution  of  pnre  copper 
in  cyanide  of  potassium  also  gives  rise  to  a  yellow  coloration^ 
when  submitted  to  the  action  of  sulphuretted  hydrogen. 

19.  Separation  qf  Arsenic  from  Antimony » 

The  separation  of  these  two  metals,  which  presents  unusual 
difficulties,  has  been  a  task  of  predilectioii  with  chemists,  and  a 
great  number  of  processes  hare  been  suggested,  the  majority  of 
which,  it  cannot  be  denied,  admit  of  improvement.  Among  the 
many  methods,  the  one  which  is  based  upon  the  dissiniilur  deport- 
ment of  arsencttcd  and  antimoncttcd  hydrogen  with  nitrate  of 
silver,  deserves  to  be  favourably  mentioned,  the  former,  as  is  well 
known^  yielding  arseuious  acid  which  passes  in  solution : 

+  eAgKO,  +  S^a^O  as  etlNO,  +  6Ag  +  HAaO,. 

the  latter  giving  rise  to  the  formation  of  antimonide  of  silver : 
HsSb  +  3  AgNO,  ^  3HN0a  +  Ag^Sb 

which  is  insoluble  in  water.  This  process  presents  no  difficulty  as 
far  as  the  arsenic  is  concerned,  which  may  be  recognized  in  solu- 
tion by  ammonia,  if  there  be  an  excess  of  silver,  or  by  sulphuretted 
hydrogen,  if  the  silver  has  been  entirely  precipitated.  It  is  far  less 
ea«jy  to  find,  according  to  this  process,  miuutc  quantities  of 
antimony  in  the  presence  of  large  quantities  of  arsenic,  the  silver- 
compound  of  antimony  being  mixed  with  a  bulky  precipitate  of 
metallic  silver.  By  treating  this  precipitate,  as  might  readily 
sttggest  itself,  with  hydrochloric  acid,  there  dissolves,  together 
with  antiMony,  a  small  quantity  of  chloride  of  siliner,  whidh  is 
iMifflolcnl  to  dhuicen  pteoipitate  produced  is  the  solution  by 
anlpburetted  hydrogen  to  such  a  degree  aa  altogeter  to  taaask  the 
piMnee  of  anthwMiy.  lliia  inocmTeniteee  nay  eaaily  be  oMsted 
by  boiling  the  mixture  of  sUver  and  antimonidB  of  ailw,  af^w  ih« 
arseniona  acid  baa  been  eareftiUy  imfaed  out  by  boilkitg  water, 
iritii  tarforf^  sdtf,  wlMi  aiasohea  the  antimony  alone.  The 
solution  thus  obtained  yieldi  at  once  the  cbaraeterisHa  tewige* 
yellow  precipitate  with  sal^hu^tted  hydrogen. 

In  sonic  experiments  made  with  the  view  of  testing  tbs  dtlibaay 
of  this  process,  1  part  of  antimony  in  presence  of  199  parts  Of 
arsenic,  and  vice  versa,  1  part  of  arsenic,  together  with  199  parte 
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of  antimonf^  ooald  be  easily  detected.  Even  wHh  minttte  quaii- 
titiee  the  proeeas  proved  suooessful,  inasmooh  as  5  milligfammeB 
of  either  metal  in  the  presence  of  100  times  the  amount  of  the 
other  oonld  be  satii&ctoriij  exhibited.  In  evolving  the  hydrogen-' " 
compounds  of  arsenic  and  antimony,  care  mnst  be  taken  to  add  a» 
little  nitric  acid  as  possible  to  the  hydrochloric  add.nsed  in  dis- 
solving the  sulphides  of  the  metals,  since  the  presence  of.  even 
moderate  quantities  of  this  acid  greatly  interferes  with  the  free 
disengagement  of  tlic  ga.ses. 

If  there  be  tin  Avitli  the  arsenic  and  antimony,  this  metal  will 
be  deposited  upon  tlie  plates  of  zinc  used  in  evolving  the  hydrogc^n, 
from  which  it  may  be  mechanically  detached,  dissolved  in  hydro- 
chloric acid,  and  tested  by  the  usual  processes. 

20.  Analysis  of  the  SiUine  Water  of  Ckrieiutn  Majford, 
.    .  [near  Chippenham. 

The  water  used  for  analysis,  was  collected  November  1 1,  1858. 

The  water  pumped  up  from  the  well  is  perfectly  clear  and 
oblonrless,  and  almost  inodorous.  It  has  a  distinctly  saline  taste, 
and  effervesces  on  agitation,  exhibiting  the  presence  of  a  con« 
siderable  quantity  of  free  carbonic  acid.  The  water  contains,  in 
addition  to  carbonic  add,  a  minute  trace  of  an  inflammable  carbo- 
netted  hydrogen.  The  presence  of  the  latter  becomes  perceptible 
if  a  considerable  quantity  of  the  water  be  heated  to  ebuUitioD,  and 
the  gases  expelled  be  passed  through  a  solution  of  potassa.  The 
gas  not  absorbed  is  a  mixture*  of  atmospheric  air  with  the  car- 
bonettcd  hydrogen;  it  bums,  owing  to  the  pi-oponderanee  of  the 
air,  witli  a  pale  scarcely  visible  flame.  On  standing,  more  readily 
on  boiling,  the  water  deposits  a  yellowish  sediment,  consisting  of 
carbonate  of  calcium,  carbonate  of  magnesium,  sesquioxide  of 
iron,  and  organic  matter. 

Temperature  of  the  water  12°C,  the  temperature  of  the  air 
being  nearly  the  same. 

Specific  gravity  of  the  water  =  1*006. 

The  analysis  wns  poi-formed  in  the  usual  manner;  oidy  the 
determination  of  the  bromine  requires  a  passing  notics. 

In  determining  this  element,  I  have  availed  myself  of  th« 
method  of  imperfect  precipitation.  According  to  the  observa- 
tions of  Lyte  and  of  Field,  nitrate  of  silver  produces  in  a 
mixture  of  chloride,  bromide,  and  iodide,  a  predpitate,  first  of 
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iodide,  and  then  of  bromide,  and  a  precipitate  of  chloride  only 
after  the  whole  of  the  iodine  and  bromine  have  been  separated 
a  method  of  separating  chlorine,  bromine,  and  iodine^  based  upon 
this  deportment,  has  been  proposed  by  the  latter  chemist. 

The  amount  of  iodine  present  in  the  water  of  Christian  Malfbxd, 
is  BO  exceedingly  small,  that  the  qnantitatiTe  determinalion 
appeaored  naeless.  The  task  was,  therefore,  limited  to  the  determi- 
nation of  the  bromine. 

For  this  purpose,  28  Utres  of  the  water  were  evaporated  to  dry- 
ness, and  the  saline  residue  was  exhausted  with  dilate  alcohol. 
The' alcoholic  liquid,  when  submitted  to  distillation,  left  a  saline 
mass,  which  was  dissolved  in  a  Bmall  quantity  of  water.  This 
solution  was  measured  and  (UvidtHl  into  two  kjuuI  parts,  each  oi* 
which  represented  the  extract  of  the  saline  residue  of  14  litres  = 
14084  grammes  of  the  original  water,  coutainin";  the  whole  of  the 
bromides  and  part  of  the  chlorides.  Each  of  the  liquids  thus 
obtained  was  precipitated  by  a  silver-solution,  containing  0*4288 
grammes  of  pure  silver,  whereby  the  whole  of  the  bromine,  and 
part  of  the  chlorine  was  thrown  down.  Tlie  two  precipitates 
weighed  respectively  0*6355  (I),  and  0*6350  (II)  grammes. 

If  P  represent  the  weight  of  the  mixed  precipitate,  and  x  the 
amount  of  chloride  of  silver  in  it,  then  P— is  the  quantity  of 
bromide  of  silver,  and  if  the  total  amount  of  the  silver  in  the  pre- 
cipitate he  represented  by  8,  then 

5   »    J^'^   +    1^  (P«,) 

whence 

_    8  -  0*5745  P 

""njri78i  * 

By  snhstitnting  the  experimental  values  Ibr  8  and  P  in  the 
above  expression,  we  find 

Chloride  and  bromide  of  silver 
(by  experiment)  .... 
Chloride  of  silver  (by  calcula- 


Bromide  of  silver  

Corresponding  (in  14084  grms. 

of  water)  to  bromine  .   .  . 
Or  in  1000  grms.  to  ...  • 
TOL.  xin. 


I. 

n; 

0*6355 

0*6350 

0*8676 

0*8595 

0*2779 

0-2757 

0118?J 

01173 

0*0084 

0*0088 
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Direet  nmlu  of  analyais  calenUted  to  1000  gruiiBies  of  water. 

n.  Basi's. 


Setquioxidc 
of 
Iron. 

Urn*. 

Alknline 

Chlorides. 

Chloride 
of 

Potusaioiu. 

Chloride 

of 
Sodium. 

X^tpi*  •  •  • 

0  0085 

0  mi 

0*4141 

0  1897 
0*1008 

6  -mo 

6*8800 

0-863 
0*88T 

6  097 
|*08S 

0*0085 

0*4SS8 

0*1900 

6'OSOO 

a*880 

f*040 

b.  Acids 

{or  elements  replacing  them) . 


Snlpburir 
Add. 

Chkiriiie. 

with 

tmci's  of 
Iu(Un«. 

SUka. 

Cttboaic 

and 
oombined. 

Cnrbonic  Acid 

rointjineil 
04  rnrhoii»(o  of 

( 'ii'.riu  r.i 

tnd  UagnMiv!*. 

Outonie 
Addtae. 

A*      • •  •  ■ 

0-24C4 

4  -5030 

0-0084 

0  0150 

0-20S1 

0  1050 

0  1871 

IT*  •  •  •  • 

0  •2«{»2 

4-5570 

0*0088 

0  014« 

0-8164 

0  1072 

0  2082 

Moaa  .. 

0  -2^68 

4-6600 

1  0  -0084 

0  -0148 

0*8048 

0*1061 

0  1982 

c.  Residue  left  on  Evaporation. 


Ezperimmt. 

Minenl  finidae. 

Oiguiie  Mitier. 

8*2000 

0*0300 

8*2900 

8  1900 

0*0200 

8*2100 

8*1950 

0  0200 

8*2150 
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TlBITIOATIOKa 

a.  Yeaification  for  Lime. 


EzperiocBt. 

IAm  pf8il^lliMI 

(CMbouteor 
Oaldom.) 

limkllfa  nlotiou 

WWDWNI. 

(8BlplKtaaaCli]orid« 
of  GUdnm.) 

Total 
by 

ToUl 

la 

O'lSBff 

0'9I0« 

0*4180 

0-4284 

II  

0  1307 

0  '2m 

0  -4163 

0-4241 

Mean  .... 

0 

0-2876 

0  -4172 

0-42.38 

b.  Vi&mcATioN  lOE  Maqnisu. 

Ma^csin 
precipitated  on 

ebullition. 
(Cwbunate  of 

Magnesia  left  in 

solntion 
nflcr  el)u!litioa. 

(Cblorido 
of  MafDerinaL) 

Total 

by 

CaleukUou. 

Total 

by 

Ezperaneot. 

0-0022 

0  1862 

0*1874 

0*1887 

• 

0  0025 

0*1868 

0*1888 

0*1808 

0*0024 

0*1867 

0*1881 

0*1000 

Sauki  CoNsminiiim. 


Sulphate  of  calcium  • 
Carbonate  of  calciiim  • 
Chloride  of  calcimn 
Garbonate  of  mag 
ChloridB  of  magiuaiiim 


Carbmuite  of  sroa 
Chloride  of  potaarium 
Clikncyeof 

SiUca 

Orgauic  matter 


[•11 II 1 1 II 


Xb  1000  grtnut 

In  one  guUon, 
(70,0WJ  gruiui) 
«f  vaur. 

Gnmmei. 

Gnins. 

• 

0-4179 

29-253 

• 

0-2314 

16198 

• 

0-2289 

16023 

• 

0*0050 

0-350 

■ 

0*4418 

80*891 

It 
) 

0-0096 

0*672 

• 

00051 

0*857 

• 

0-8800 

61-600 

• 

6*0400 

422*800 
1*086 

0-0148 

• 

00200 

1*400 

8*2940 

580*580 

o2 
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The  water  contains  29  02  cubic  inches  in  the  gallon,  or  104  0 
cabic  centimetrea  in  the  litre,  of  free  carbonic  acid.  The  quantity 
of  ^bonic  add  was  determined  at  the  welL  It  deserves  to 
be  mentioned  that  the  water  for  this  purpose  was  pnmped  up, 
whereby  probably  a  minnte  quantity  of  gas  was  lost. 

My  thanks  are  doe  to  Mr.  E.  Millar,  of  Christian  Malford,  for 
his  help  in  coUectung  the  water,  and  to  Dr.  Leibins  for  his  assist- 
anee  in  performing  the  experiments. 

$1.  Spottkmeoiti  DecompositUm  €f  Chkiride  of^  Lime* 

Oae  morning  (I  tlpnk  it  was  in  the  summer  of  1858),  when 
entering  my  laboratory,  which  I  had  left  in  perfect  order  on  the 
previous  evening,  I  was  surprised  to  find  the  room  in  the  greatest 
confusion.  Broken  bottles  and  fragments  of  apparatus  lay  about, 
several  window  panes  were  smashed,  and  all  the  taUes  and  shelves 
were  covered  with  a  dense  laver  of  wliite  dust.  The  latter  was 
soon  found  to  be  chloride  of  lime,  and  furnished  without  dillicully 
the  explanation  of  this  strange  ;»ppearanoe. 

At  the  conclusion  of  the  Great  Exhibition  of  1851,  M.  Kuhl- 
mann,  of  Lille,  had  made  me  a  present  of  the  splendid  collection 
of  chcmicnl  preparations  which  he  had  contributed.  The  beautiful 
large  bottles  were  for  a  lon*r  time  kept  as  a  coUectio!! ;  p^radually, 
however,  tlicir  contents  proved  too  gi*eat  a  temptation,  and  in  the 
course  of  time  all  the  substances  had  been  consumed.  Only  one 
large  bottle,  of  about  10  litres  capacity,  and  filled  with  chloride  of 
lime,  had  resisted  all  attacks ;  the  stopper  had  stuck  so  fast  that 
nobody  could  get  it  out ;  and  after  many  unsuccessful  efforts — ^no 
one  Tcnturing  lo  indulge  in  strong  measures  with  the  handsome 
vessel — the  bottle  had  at  last  found  a  place  on  one  of  the  highest 
shelves  of  the  laboratory,  where  for  years  it  had  remained  lost  in 
dust  and  oblivion,  until  it  had  forced  itself  back  on  our  recollection 
by  so  energetic  an  appeal.  The  explosion  had  been  so  violent  that 
the  neck  of  the  bottle  was  projected  into  the  area,  where  it  was 
found  with  the  stopper  still  firmly  cemented  into  it. 

I  have  not  been  able  to  learn  whether  similsr  cases  of  the 
spontaneons  decomposition  of  chloride  of  lime  have  been  already 
observed. 
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22.  BUu^Mde  pf  Carbon  in  Coal  Got. 

It  is  well  known  that  coal  gas,  even  wben  submitted  to  the 
most  impTOved  processes  of  purificatioD^  retains  a  minute  quantity 
of  a  sulphnr-oompound^  which  yields  sulphurous  acid  when  the 
gas  is  burned.  A  commission  having-  been  appointed  for  the 
purpose  of  reporting*  to  the  Lords  of  the  Committee  of  Privy 
Council  on  Education  on  the  lighting  of  picture-galleriea  by  gas, 
and  on  any  precautions  (if  necessary)  against  the  escape  of  gas 
and  of  the  products  of  its  combustion,  the  Trriter  of  this  note 
uudcrtook  a  few  experiments,  with  the  view  of  deteriiiiniug  the 
amount  of  sulphur  generally  i^resent  in  the  Loudon  coal  gas. 

The  object  of  the  inquiry  being  to  ascertain  the  quantity  of 
sulphurous  acid  capable  of  being  formed  by  the  combustion  of  the 
gas,  an  exceedingly  small  jet  of  gas,  carefully  wasliod  with,  acetate 
of  lead — which  showed  the  absence  of  sulphuretted  hydrogen — 
and  measured  by  an  accurate  experimental  meter,  was  burned  in  a 
large  two-necked  glass  globe.  Through  one  of  the  necks  the  gas 
tube  was  conveyed  into  the  globe,  whilst  the  other,  fitting  into  a 
oondeDser,  carried  off  the  product  of  combustion  into  a  two*necked 
receiver.  To  establish  a  current  of  air,  the  receiver  was  connected 
with  a  water-current  aspirator,  ja  couple  of  Woolfe*s  bottles 
containing  water  or  dilute  ammonia  being  inserted,  for  the  pur* 
pose  of  fisdng  any  trace  of  sulphurous  add  .whidi  might  escape 
condensation,  with  the  water,  in  the  receiver.  The  experiment 
being  terminated,  the  liquids  in  the  receiver  and  in  the  wash* 
bottles  were  united,  oxidised  with  chlorine  and  precipitated  with 
chloride  of  barium. 


Experiments  in  July,  1859. 


Older  of 

Qnautilvor 

Amonnt 

of  8ulpliHte  of 
Bitrium. 

(iramotc*. 

▲moantof 
Mtpbur  to  100  eoUe  feet 

Amoanl 

of  Sulphur  in 
100  cubir  iiietrrt. 

Grammes. 

Grammes. 

Graini. 

I.  

1-98 
S 
2 
2 

.  * 

0  0680 

0-0630 
0*0740 

•  • 

0-487 
0-677 
0-433 
0-608 

6-74 

8-90 
6-68 
7*84 

15-438 

20  -871 
15  -278 
17*944 

IIL  ■  •  •  •  • 

Mean .... 

0  488 

7-64 

1  ■ 

17*256 

•  Bq)orl  on  the  mbjcct  6f  Lighting  Picture  Oellcrlee  by  Can,  by  I'rofcs.-nrs 
Ysradey,  Uofmaaa,  and  Tynasll,  Mr.  iiedgrave,  KA,  sad  Cept.  Fowke^ 
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Experiments  in  December,  1859,  and  January,  18G0. 


Order  of 

Quantity  of 
Gaa  ronaumed. 

OnUsmf. 

Am'.unt 
Gmincii. 

Amoiuit  of 
Bal|ilmr  fai  100  enbie  feet. 

Amount 
of  SuMutfiB 
Iwaibbmlni. 

OnouBM. 

Gniin. 

V»  i • • * 

VT  

VII  

VIIL.... 

Mean  .... 

2 
2 
8 

•  • 

0  -0890 
0  0953 
0-0975 
0*0»88 

0-611 
0-654 
0-669 
0*648 

9-43 
10  10 
10  -33 

0*91 

21  -585 
23  111 
88  -644 
88*677 

•  • 

0-644 

9-94 

22  754 

t 


These  experimento  wkow  that  the  unotmi  of  sulphur  lemiining 
in  the  London  gas  after  the  remoral  of  the  sulphiuetted  liydrogeiL 

is  very  small,  and  that  in  winter  it  is  somewhat  greater  than  in 
summer.  This  may  possibly  arise  from  the  enormously  increased 
production  of  gas  during  the  winter  months,  when  it  will  be  more 
difficult  to  regulate  the  several  processes  involved  in  its  manufac- 
ture. But  the  result  may  also  be  purely  accidental,  arising  from 
a  change  in  the  nature  of  the  coal  used,  etc.  A  much  more 
extended  serlei  of  experiments  would  be  required  to  decide  this 
question. 

It  has  long  been  assumed  that  the  sulphur  in  purified  gas  exists 
in  the  form  of  bisulphide  of  carbon,  the  conditions  for  the  genera- 
tion of  this  compound  being  in  fact  giren  in  the  ordinary 
process  of  producing  gas.  That  coal  gas  really  contains  bisulo 
phide  of  carbon  was  first  elegantly  proved  by  Yogelj*  who,  at  the 
suggestion  of  Baron  Liebig,  passed  a  current  of  purified  gas 
through  an  alcoholic  solution  of  potassa,  when  zanthate  (snipho- 
carbonate)  of  potassium  (K(C|H5)CSgO)  was  formed,  which  pro- 
duced in  copper»8ohitions  the  liigUy  characteiisfcic  yellow  precipi- 
tate xxf  xanthate  of  copper,  and  yielded,  when  boiled  with  a  few 
drops  of  nitrate  of  lead  in  the  presence  of  firee  potasssy  a  black 
depont  of  sulphide  of  lead.  When  engaged  in  the  aliove  inquiry,  I 
repeated  VogcPs  experiments,  which  I  can  confirm  in  every  parti- 
cular. The  amount  of  bisulphide  of  carbon  in  the  London  gas  is, 
however,  so  small,  that  a  very  large  Volume  mus^be  passed  through 
the  alcoholic  solution  of  ])otassa  in  order  to  produce  a  sufficient 
quantity  of  xanthate  of  potassium.  After  a  cubic  foot  of  gas  had 
been  passed  through  alcoholic  potassa  in  a  bulb  apparatus,  the 

*  Liebig'l  Annsleu  IxxzTiii,  869. 
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solution  gave  with  Bulphate  of  copper  a  leek-green  precipitate,  in 
which  the  pretenee  of  xanthate  was  but  imperfectly  indicated. 
Only  after  pMsing  several  additional  cubic  feet  the  yellow  colour 
became  more  distinct^  altliongh  etili  iMsked  to  tome  extent  by  the 
hydrated  protoxyde  simultaneously  precipitated.  On  the  otlier 
hand^  the  black  preeipitate  of  sulphide  of  lead  waa  obtained 
nithottt  diffieoity^  even  alter  the  passage  of  one  single  eabio  foot 
of  gas. 

But  the  presence  of  bisulphide  of  earboil  in  ooal  gas  may  be  ex* 
hibited  e?en  more  degaatly>  and  with  greater  preoision,  bj  means 

MdkglphotpJlim,  Whic^  prodttoes  with  the  bisulphide  a  com- 
pound c^ystalUsing  in  splendid  prisms  of  a  ruby  colour.  This 
body  is  so  eharacteristioi  and  finrms  with  so  much  fhcility,  that 
bisulphide  of  carbon  has  become  a  most  tsluable  re-agent  for 
triethylphosphine  and  its  homolognes.  The  idea  natnraJly  sug- 
gested iiaelf  to  Employ  the  phcsphoroui-bsse  for*  the  detectioa 
of  Iristtlphide  of  carbon  in  gas.  On  distilling  a  condderable 
proportion  of  coal-gas-bensol^  I  had  sepaiately  odlected  a  small 
fraetiouj  whi«di  came  over  in  tha  commencement  below  65^ 
When  mixed  with  triethylpliosphine,  this  liquid  solidified  into  a 
masa  of  the  well  known  ruby  crystals.  Four  or  five  drops  of 
triethylphosphine  were  dissolved  in  ether^  the  ethereal  liquid  waa 
introduced  into  a  bulb  apparatus^  and  a  Current  of  coal  gas 
allowed  to  bubble  through  tlie  solution.  When  0-2  of  a  cubio 
foot  had  passed^the  liquid  had  assumed  a  disdncUy  red  coloration^ 
the  intensity  of  whieh  increased  as  the  passage  of  the  gas  and  the 
evaporation  of  the  ether  continued.  After  0*8  of  a  cubic  foot  had 
passiBd^  the  Whole  Of  the  ether  had  evaporated,  and  the  inner 
surface  of  the  bulb-appaiatus  was  lined  with  a  beautiful  network 
of  the  ruby  crystals. 


23.  Emarkson  the  Chaayo:^  of  Gutta  Percha  Under  IVqpicai 

Jt^uencei. 

[From  a  B«port  addreaaed  to  Sir  W.  B.  O'Shaughaessj,  Director-Oenexal  of 

^       Telegraphs  in  India.] 

The:  peculiar  chanj^c  "wliicli  gutta  pcrclia  ini(lrri:oo>^  wlirii  in 
contact  with  air  for  some  time  is  well  known,  this  snbstanco 
gradually  boeomiiic:  brittle,  and  ultimately  lo^^ing  all  colicreiiee. 
This  effect  was  experienced  on  an  undesirable  scale  in  construct- 
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iug  tlie  Easfc  Indian  Telegraphs.  Enormoiu  qnantUiee  of  gntta 
perchsi  became  in  a  comparatiTel7  short  time^  entiidy  naeleiB^ 
involving  a  loss  of  thonflands  of  poands.  At  tiie  request  of  Sir 
W.  B.  CyShaughnessj  I  haye  made  a  fevr  ezperimente  with  the 
gutta  perdia  thus  altered,  the  retultt  of  whidi  were  reoalled  to  my 
mind  hy  the  researches  on  the  alteration  of  gutta  peroha  lately 
published  by  Oudeman.  It  may  be  of  some  interest  bnefly  to 
mention  the  analytical  results  furnished  by  the  changed  mateiial 
submitted  to  me  for  examination. 

The  specimens  sent  home  from  India  formed  a  brown,  exceed- 
ingly brittle  substance,  softening  to  a  plaatic  mass  in  boiling 
water.  Since  tlie  gutta  perclia  existing  in  commerce  does  not 
always  exhibit  the  same  characters,  it  was  of  some  importance  for 
the  inquiry,  that  a  quantity  of  the  original  unchanged  substance, 
with  wliirh  the  wires  sent  out  to  India  liad  been  coated,  was 
likewise  placed  at  my  disposal.  In  their  deportment  witli  solvents 
the  changed  and  unchanged  gutta  percha  exhibited  a  marked 
difference.  Whilst  the  latter  proved  to  be  perfiectly  insoluble  in 
strong  alcohol,  the  changed  gutta  percha  was  in  a  great  measure 
taken  up  by  this  solvent.  By  treating  the  changed  material  first 
with  cold,  then  with  boiling  alcohol,  and  ultimately  with  ether^ 
three  sahetanoes  were  obtained,  which,  although  veiy  much  alike 
in  their  physical  properties,  differed  considerably  f^m  each  other 
in  thdr  chemical  oompoeitioii. 

J.-^Substance  soluble  in  cold  AUohoL 

Cold  alcohol  readily  attacked  the  outer  surface  of  the  coating, 
and  dissolved  a  considerable  portion.  On  evaporation  a  brown 
resinous  mass  remained  behind,  which  was  dried,  first  over  sul- 
phuric acid,  and  ultimately  at  100°;  at  which  temperature  it 
readily  fused.  The  fused  mass  solidified  on  cooling  to  a  brittle 
snbstanoe,  yielding  a  highly  electrical  powder,  and  exhibiting  on 
combustion  the  following  percentage  oompontion. 


I. 

II. 

Mean. 

Carbon  . 

.     .  02-91. 

62-79 

Hydrogen  .  . 

9-22 

9-3G 

9-29 

Oxygen.   •  . 

27-81 

2800 

27-92 

100-00 

100  00 

10000 
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II. — Substance  soluble  in  boiling  Alcohol. 

By  toeatiiig  with  boiling  idoolud  the  rendne  of  the  ptevious 
opecatioii,  which  had  oeaied  to  yield  unytluiig  moie  to  cold 
aloohol^  a  fresh  quantity  of  mbstaiioe  was  obtained  in  eolation. 
The  aloohblic  liquid,  on  evaporation,  left  a  residue  very  similar 
to  that  of  the  premus  operation,  which,  when  dried  in  the  sane 
manner,  furnished  on  analysis  the  following  numbers. 


Carbon.  . 
Hydrogen  • 
Oxygen.  • 


JL 

68-13 

67-29 

67*73 

10-01 

10-18 

10-09 

21*86 

22-58 

2219 

100-00 

100O9 

ni. — Subittmce  imoMie    cold  and  in  hoUkig  JUeohoL 

« 

The  residue  left  after  repeated  treatment  with  boiling  alcohol, 
dissolved  in  ether,  a  few  mccliauical  impurities  remaining  behind. 
The  ethereal  solution  gave  with  alcohol  a  precipitate  which  dried" 
up  to  a  yellowish  powder,  becoming  highly  electrical  by  trituration, 
and  caking  when  gently  licated.  It  had  the  general  characters  of 
gutta  percha,  being  merely  somewhat  deeper  coloured  aud  less 
plastic.  When  analysed,  it  furnished  numbers  nearly  aipceeing 
with  those  which  were  obtained  by  several  observeia  for  gntta 

Carbon  ....  88*12 
Hydrogen    ....  12*49 

The  body  last  analysed  was  obviously  unchanged  gutta  percha; 
a  view  which  is  also  supported  by  its  solubility  in  chloroform  and 
benzol.  The  substance  in  question  difl'crcd  from  specimens  of 
gutta  percha  investigated  by  others,  and  especially  from  that  which 
Pay  en  considers  the  pure  gutta  percha,  by  its  solubility  in  ether. 
The  original  substance  with  which  the  wires  had  been  coated  was, 
however,  likewise  soluble  in  ether.  It  cannot,  therefore,  be 
doubted  that  gutta  {^rcha  exists  in  several  modifications 

The  experiments  which  I  have  quoted  prove  that  the  changes 
which  gutta  percha  undergoes  in  contact  with  air  depend  upon 
oxidation.  Unchanged  gntta  percha  is  free  from  oxygen;  the 
product  dissolved  by  cold  alcohol  contained  nearly  28  per  cent.. 
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and  thit  solubto  in  boQing  aloohol  still  mm  than  ZSt  per  cent,  of 
oxygen. 

I  need  not  mention  that  I  am  far  from  believing  that  these 

oxygenated  siibstatices  are  definite  chcminal  compounds.  Their 
mode  of  preparation  altogether  precludes  such  an  idea,  the  object 
of  the  experiments  having  been  simply  to  establish  the  fact  of 
oxidation  having  taken  place.  That  the  changes  of  gutta  perclia 
are  due  to  the  absorption  of  oxygen,  is  countenanced  by  the  expe- 
rience of  this  substance  having  been  kept  for  years  under  water 
without  .nndergoing  any  alteration. 


WW  SmwM  Bftrratt,  B««* 

(AbsifxicL)* 


The  compnssition  of  the  precipitate  produced  in  solutions  of  sul- 
phate or  chloride  of  aluminium  by  alkaline  carbonates  ha«  been 
Tanonsly  stated  as  follows  : — ^According  to 


Huspratt  (Chcni.  Boc.  Qn.  J.  U.  M},  it  to  8A1A  • 
H.  Kose  (Pogg.  Aun.  xoi.  462)  „      AI3O,  . 

Langlols  (Ann.  Ch-  rhys.  [3]  xltiil  502)    „    SAliO,  . 
Wallsee  (Gbfla.  Gu.  li68»  410)  »   tAl.    .  tOO,  f  9H0 


2C0.  +  4H0 
8110  +  NH^CO,  +  HO 


CO,  +  8H0. 


From  experiments  made  by  the  author  of  this  paper  In 
Dr.  Mnspratt^fl  lahoratory^  it  appears  that  the  predpitate  formed 
hy  carbonate  of  soda  in  a  solntion  of  chloride  of  ahiminium  (the 
mode  of  preparation  adopted  by  Wallace)^  after  being  washed  and 
dried,  then  tritoiattd  with  water,  again  washed,  and  dried  over 
solphnxic  acid,  consists  of  hydrate  of  alumina  perfectly  free  from 
carDonic  acid,  a  result  which  agiccs  with  the  statement  of 
Sauasure  (Gtmelin's  Handbook^  iii.  308.) 


Carbonate  of  Chromic  Owide  has  been  analysed  by  leveral 
chemists.   According  to 


Berzelias  (Tralt6,  Iv.,  427), 
Meissner  (Qilb.  Ann.  Iz.  360) 
Lawglois  (loc.  cit.) 
Lefort  (Compt.  rcnd*XJtVll«  M9)\ 
WslUo«(loo.cit.)  J 


ttis 

«» 

w 


4Cr„03 .  co,  +  nno 

lOCrj'Oj  .  7CO3  +  8HO 
SCrjOi  .  COg-i-eHO 

Cr,0,  .   C?0,  +  4H0 


*  This  paper  is  publiahod  in  fuU  in  the  Chemical  News,  No.  10,  p.  UO. 
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Mr.  Bar  ratios  experiments  confirm  ibe  remit ,  obtained  by 
Lefort  and  Wallace* 

Carbonate  of  Ferric  Oo'tWe.— Soubciran  (Ann.  Ch.  Pliys.  [2] 
xliv.  32())  found  that  the  precipitate  thrown  down  by  alkaline 
carbonates  kom  ferrous  salta,  after  thorough  washing  and  exposure 
to  the  moist  air  of  a  cellar  for  six  months,  no  longer  containa 
ferrous  oiide,  but  consists  of  71*4  p.o.  Fc^O^,  S'SCO,  and  20*0 
vater  (8Pea03.C024-12HO).  According  to  Langlois  (loc.  cit.), 
tbe  precipitate  formed  by  alkaline  carbonates  in  ferric  salts,  con- 
tains, when  dried  at  TOO"  C,  8M7  p.c.  FcjOg,  1017  HO.  and 
1*36  COg,  which  is  given  off  at  165°.  L.  Gmelin  (Ilandb.  v. 
222),  on  the  contrary,  states  that  this  precipitate,  after  thorough 
washing,  is  quite  free  from  carbonic  acid.  According  to  Wallace 
Qoc.  cit.),  tlie  predpitate  tbroim  down  by  carbonate  of  ammonia 
from  ferric  chloride,  contains,  when  dried  in  the  air  at  J22^to 
24t  Cv  3Fea03.C6a  +  6H0,  and  f^Ves  off  3  eq.  water  at  100** ;  and 
the  precipitate  formed  by  carbonate  of  soda  in  a  solution  of  ferric 
nitrate  ia  ^^Vefi^.VO^^imO. 

Mr.  Barratt  finds  that  the  precipitate  dried  in  tlic  air  at  ordi- 
nary temperatures  contains  dFegO^.COj+SHO,  half  of  the  water 
being  expelled  at  100°  C. 
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Janiuay  19«  1860, 
FrolbBm  Brodie^  Prendenty  in  the  Chair. 

The  foUowing  were  elected  Fetlows  of  the  Society 

Charles  A.  Cameron,  M.D.,  Dublin;  Charles  Henry 
"Wood,  Esq.,  17,  Bloonisburj^-sqaarc;  August  Duprc,  Ph.D., 
53,  Burtou-crescent ;  WiUiam  Pluuket^  £sq.^  Museum  of 
Irish  Industry,  Dubliu. 

The  following  papers  were  read 

"On  refining  Gold  when  alloyed  with  Tin  or  Antimony,  so  as 
to  render  it  fit  for  the  puzposes  of  coinage^''  by  Mr.  Eobert 
"Warrington. 

«  On  certain  sources  of  loss  of  precioua  Metal  in  some  opera- 
tioma  of  assaying/'  by  Mr.  G.  H.  !Makins. 

On  the  donUe  Snlpbides  of  Iron  and  Copper,''  by  Mr.  F. 
Field. 


i  cbruary  2, 1860. 

Dr.  H.  Bence  Jones,  Vice-President,  in  the  Chair. 

Edward  Divers,  Esq.,  Queen's  College,  Galway,  and  Edwin 
Crocker,  Esq.,  19,  Biobmond^road,  Bamsbury,  were  elected 
Fellows  ai  the  Society.  • 

The  following  papers  were  read : — 

"  On  an  Iron  Sand  from  New  Zealand/'  by  Dr.  J,  H.  Glad- 
stone. 
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"  On  the  oompoiiitioa  of  Air  from  Mont  Blonc^- '  by  Dr.  £. 
Prankland. 

"  On  Biniodaoetio  Acid,"  hj  Messrs.  Ferkin  and  Duppn. 


February  16,  1860. 
Professor  Brodie,  President^  in  the  Chair. 

The  following  were  elected  Eellows  of  the  Society 

Frederick  Dupr^,  Ph.D.,  68,  Bnrton-cresoent  j  Dr.  Edward 
Smith,  6,  Queen  Ann-jStreet,  Cayendish  -  square ;  Edward 
Nicholson,  Esq.,  St.  Mary's  Hospital,  Paddington. 

A  paper  was  read  ''On  some  derivatiTea  lirom  the  Olefines/' 
lij  Br.  Gnthrie. 

Dr.  Odling  made  a  verbal  oommnnication  ^On  the  direct 
Oxidation  of  Chlorhydric  Add.'' 


March  1, 1860. 

Dr.  W.  A.  Miller,  Vice-President,  in  the  Chair. 

Mesan.  Berthelot;  DeTiUe,  Fr^my,  Fritsaelie^  Peligot, 
and  Mulder,  were  dectod  Foreign  Members. 

George  Morley,  Esq.,  18,  Park-place,  Leeds,  was  elected  a 
Fellow  of  the  Society. 

The  following  papers  were  read 

"  On  New  Zealand  Iron  Sand,"  l)y  Mr.  E.  Biley. 
"  On  the  action  of  Cldoride  of  Ethyl  npon  Ammonia,"  by 
Mr.  Groves. 


March  15,  1860. 
Dr.  W.  A.  Miller,  Vice-President,  in  the  Chair. 
The  following  papers  were  read  :— 

"  On  the  composition  of  the  iPlatinidcyanidei^"  by  Mr. 
Hadow. 
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"  On  a  new  AmmoniO'Chrome  Compound/'  by  Mr.  Mori  and. 
"  On  the  analysis  of  a  Water  from  the  superiioial  Strata  of 
tlie  London  basui,''  by  Mr.  Hooker. 


Anmvemiy  Meetingi  Maidi  80, 1800. 

ProfoMor  Brodie,  Proride&t^  in  tJnB  Chaur, 

The  Report  of  the  Coiuicilj  and  the  Audited  Account  of  the 
Treasurer,  were  read* 

Messi's.  Crookes  and  Morland  having  been  appointed  Scru- 
.  tators,  the  Meeting  proceeded  to  tlie  election  of  Council  and 
Officers  for  the  ensuing  yo^x,  and  the  foUowiog  wer9  declared  to 
have  been  duly  elected: — 

President. —B,  C.  Brodie,  F.R.S. 

Vice-P residents,  who  have  filled  the  office  of  President. — W.  T. 
Brande,  F.R.S.;  C.  G.  B.  Baubcny,  M.D.,  F.B..S.i  Thomas 
Graham,  F.R.S. ;  W.  A.  Miller,  M.D.,  F.R.S.;  Lyon  Piayfair, 
Ph.D.,  F.R.S. ;  Colonel  Philip  Yorke,  F.R.S. 

Vice-Presidents. — E.  Frankland,  Ph.D.,  F.R.S.;  H.  Bence 

Jones,  M.D.,  F.BnS.  i  Robert  Pomtt,  F.&.S. ;  Alfred  8me«, 

F»B>.S. 

Secretaries.  —  Theophilus  Redwood^  P1]*D.$  'WiUiaffi 
Odling,  M.B.,  F.E.S. 

Foreign  8eereiary.^A»  W,  Hofmaiiii»  JjLJ}^ 

7VeaM(r«r,-^Warrea  De  La  Rue,  Ph.1).,  P.B.S. 

Other  Memben  qf  CSnmei/. -.Frederick  Field  j  William 
Francis,  Ph.D.,  F.L.S.;  G.B.  Longstaff,  M.D. ;  Dr.  Marcet, 
F.R.S.;  John  Mercer,  F.R.S.;  Henry  M.  Noad,  Pfa.D.,  F.R.S.; 
A.  R.  Normandy,  - A.R.L.M.;  H.  £.  Roscoe,  Pb.D.;  Edward 
Schnnck,  Ph.D.;  J.  A.  Voelcker,  Ph.D. ;  Robert  Warington; 
A.  W.  Williamson,  Ph.D. ;  F.R.S. 

It  was  resolved — 

That  tlie  thanks  of  the  Meeting  be  given  to  the  President, 
Officers^  and  Council,  for  their  services  during  the  past  year. 
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That  the  thanks  of  the  Meeting  be  given  the  Auditors  for 
their  services  to  the  Society. 


The  fbOowiiig  donaAkns  have  been  woAytA 

^  Bapertoi^  of  Arts  and  Mnuilaetiim  t'' 
"  Bepertory  of  Pkte&t  IiiTeatioiis 

London  Joomal  of  Patent  Inventiona 
CarpmaePa   Law  of  Patonts  of  In^entioB 
Carpmael^s  "  Law  Beports  of  Patent  Cases 

from  Messrs.  De  La  Rue  and  Co. 
"  Quarterly  J ourual  of  the  Geological  Society/'  Part  1,  for 
1860  :  from  the  Society. 

If 

"Pharmaceutical  Journal"  for  January^  February,  March, 
I860  :  from  the  Editors. 

Chemical  News/'  Nos.  1  to  16 :  from  the  Publishers. 
Journal  of  the  Society  of  Arts,"  Vol.  VIII.,  Nos.  to 
884 :  from  the  Society. 

*'  JouiTial  of  the  Photographie  Society''  for  January,  Pebmary, 
March j  1860  :  from  the  Society. 

"  Literary  Oaaette,"  Vol.  IV.,  Nos.  80  to  92:  from  the 
Publisher. 

"  Monthly  Notices  of  the  Royal  Astronomical  Society, " 
YbL  XX.,  Not.  1  to  6 :  from  the  Society. 

''Canadian  Journal^'  for  March,  1860:  from  tiie  Canadian 
Institute. 

«f  Ammcan  Journal  of  Science  and  Artflj^'^  January,  1860 : 
firom  the  Editon. 

Jonraal  of  the  Franklin  Institute, "  January^  Fefamary, 
1860:  from  the  Institute. 

"  Proceeding  of  the  Academy  of  Natural  Sde^oea  of  Phila- 
delphia/' 1860,  No.  1 — 5  :  from  the  Academy. 

*'  Note  on  some  Numerical  relations  between  the  Specific 
Gravities  of  the  Diamond,  Graphite,  and  Charcoal  Forms  of 
Carbon,  and  its  Atomic  Weight by  Br.  Lyon  Playfair :  from 
the  Author. 

On  the  Hardness  of  Metals  and  theiy  Alloys ; "  and  "  On 
the  Specific  Gravities  of  Alloys;  by  P.  C.  CalTcrt  and  E. 
Johnson :  from  the  Authors* 
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"  Annales  de  Cliimie"  (1789  to  1805),  55  volamcs :  from 
Dr.  R.  D.  Thomson. 

"  Melanges  physiques  et  chimiqucs  tires  du  Bulletin  physico- 
mathematique  de  rAcade'mie  de  St.  Petersbourg/*  Tom^  I.,  II., 
III. :  from  the  Academy. 

Annuaire  dc  1' Academic  royale  dea  Sciences  des  Lettrea  et 
des  Beaux  Arts  de  Belgiqae,  1859." 

"  Bulletin  de  TAcad^mie  royale,  &c.,  de  Belgique,  1859"  : 

from  the  Academy. 
"  Jahrbueh  der  kaiserlieh-koniglichcn  geologischen  Keichs- 
imstalt  in  Wien,  1859,"  Nos.  2,  3  ;  from  the  Institute. 

OfVersigt  af  kongl.  Vetenskape  Akademiens  Forhandlingar, 
1858^' :  from  the  Aoademy  of  Sciences  of  Stoddiolm. 
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IX.— 0»  certain  sources  of  loss  of  Precious  Metal  in  some 

operations  of  Assaying* 

Bt  G.  H.  Makin8« 

Im  the  assay  of  specimena  of  alloyed  gold,  the  degree  of  beat  used 
In  the  first  operation^  m.,  cupellatioa  (when  this  19  carefuUj 
performed),  is  usually  somewhat  varied,  according  to  presupfpoaed 
proportions  in  the  alloy, — for  example,  a  much  lower  temperature, 
being  suflScient  where  the  gold  ia  only  mwocintcd  with  silver,  than 
where  it  is  also  mixed  with  oxidisable  metals,  which  latter  have  to 
be  separated  entirely  hj  this  first  operatioD. 

About  five  years  since,  I  chanced  to  have  before  me  some  200. 
assays  of  gold,  wherein  the  silver  also  had  to  he  estimated,  and  in 
which,  for  other  reasons,  an  extraordinary  degree  of  heat  was 
required  to  he  employed  \  and  as  I  made  simnltaneoualy  with  these, 
several  syntbeticid  proofs,  I  was  much  atmck  by  the  great  extent 
of  loss  of  gold  and  silver ;  and  satisfied  that  it  could  not  be  entirely 
due  to  what  is  known  amongst  assayers  as  cupel  absorption,  I 
determined  upon  examining  st:me  of  the  contents  of  an  iron  fine  of 
a  cupel  furnace,  which  passed  from  its  hood  into  a  chimney,  in 
order  to  see  if  gold  had  been  volatilized  along  with  other  metaLa^ 
and  if  so,  to  what  extent* 

VOL.  XUI.  B  .  , 
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A  quantity  of  apparently  carbonaceous  matter  was  therefore 
taken  out  of  it;  and  as  this  flue  was  at  the  time  recently  put  up 
afresh,  I  had  the  means  of  knowing  that  it  had  been  used  for  the 
Cupellation  of  gold  assays  only. 

Upon  examination  of  this  material  by  the  microscope  under  an 
inch  power,  it  exhibited  very  distinctly  portions  of  oxide  of  lead, 
in  yellow  masses,  little  nodules  of  suboxide  of  copper,  minute 
(prftins  of  silver,  together  with  portions  resembling  silver  reduced 
from  chloride, — the  whole  mixed  with  a  quantity  of  carbonised 
matter  containing  small  grains  of  unburnt  fuel. 

From  pressure  of  business  at  tie  time,  this  material  was  laid 
aside  (after  cursory  examinatioii  aiiffident  to  prove  thfi  ]ureaence  of 
the  metals),  until  it  oould  be  completely  examined.  This  was  not 
done,  however,  until  alter  the  appearance  of  some  collateral 
matter,  communicated  to  the  Society  by  my  late  pupil,  Mr, 
Napier. 

On  further  examination,  the  metallic  matters  present  were 
found  to  consist  of  oxide  of  lead  mixed  with  small  portions  of 

gold,  silver,  and  oxide  of  copper ;  and  as  my  object  was  only  to 
efitimatc  the  gold  and  silver  present,  I  took  separate  portions,  viz., 
two  of  50,  and  two  of  100  grains  each.  They  were  each  treated 
with  400  grains  of  pure  lead,  that  is  to  say,  with  eight  times  the 
weight  of  the  former  two,  and  four  times  the  latter,  each  having  also 
its  own  weight  of  borax  added. 

The  mixtures  were  then  scorified,  and  the  operation  carried  to 
its  full  extent,  so  as  to  diminish  as  much  as  pussible  tiie  <|ttautity 
of  lead  for  the  subsequent  cupel  process. 

The  process  completed,  the  speoimens  were  poured  in  a  good 
fluid  condition;  the  slag  (which  was  quite  free  from  metallie 
beads)  separated ;  and  the  resulting  metal  next  subjeeted  to  cupel»* 
lation. 

The  little  buttons  so  obtained,  oonskting  of  pure  silver  and 
goldi  were  then  weigh«;d. 

From  tho  first  two  assays  (the  material  operated  upon  bein|^ 
lOD  grains),  the  resulting  buttons  weighed  (after  oompensating 
for  silver  contained  in  the  lead  employed),  just  '089  grain. 

From  the  seoond  twc^  upon  iuD  grains^  the  buttons  weighed 
*16d.  If  we  average  theee,  which  aire  very  nearly  alike,  and  ealcuH 
late  the  quantity  for  1000  grains,  we  should  have  a  xcsult  of  'Wk 
grain. 

They  were  next  all  parted  for  gold,  and  the  result  was  '026 ; 
equal  to  087  in  every  1000  grains. 
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Deducting  then  the  weight  of  this  gold  from  the  weight  of  the 
compound  metal,  we  find  the  quantity  of  the  pieciouB  metolji  in 
lOQO  gnum  to  be. 

Gold  -087 
Silver  -768 

Of  oovne  I  do  not  attempt  to  ettabliali  any  ratio  between 
iheae  qnantitiea  and  an  individoal  asaay ;  for  althoagh  the  flue 
whence  ihia  material  waa  taken  had  oalj  been  renewed  a  few 
months,  yet  dnring  that  time  the  famca  of  many  thousand  aasaya 
had  passed  through  it.  But,  on  the  other  hand,  I  would  remark, 
that  caniideriDg  that  this  flue  h  remored  daily  when  the  furnace 
it  at  work,  the  proportion  which  the  precious  metals  bear  to  the 
whole,  is  Tery  large  iudced. 

I  will  now  call  attention  to  a  second  cause  of  loss  of  gold 
occurring  iu  parting  operations,  and  possibly  also  in  refining  npon 
the  large  scale,  viz.,  i\\c  solution  of  a  portion  of  gold  in  the  nitric 
acid  used;  although  the  hitter  is  pure  and  quite  Iree  Irom  hydro* 
chloric  acid. 

Berzclins,  in  apeakins^  of  this  fact  says,  ''It  must  not  be 
for«rottcn  tliat  if  nitric  acid  contains  hydrochloric  or  nitrous  acid, 
it  will  dissolve  gold;  iu  truths  the  quantity  dissolved  is  iiicon- 
aiderable  in  the  latter  caae,  but  sufficient  to  lead  to  an  incorrect 
result."  Now,  in  partmg  gold  by  nitric  add,  we  are  generating 
during  the  operation  quantities  of  nitrons  aeid,  and  consequently 
have  the  conditiooa  present  for  this  loss  to  take  place. 

Some  time  ainoe,  Mr.  Field  (the  Queen's  Assay  Master),  had 
in  his  office  a  pear-shaped  bottle^  into  which  nitric  acid  waa  con* 
•tantly  being  poured  after  parting  operations:  it  was  thickly 
eoatod  with  gold.  He  showed  this  to  Sir  J.  Herschell,  who 
was  then  Master  of  the  Mint,  asserting  that  it  was  deposited  from 
an  actual  solution  of  the  gold.  The  latter  gentleman  supposed 
rather  that  it  waa  a  deposit  from  mechanically  suspended  particles; 
but  this  could  have  hardly  been  the  case,  as  the  bottle  was  a  Inrge 
pear-shaped  one,  and  the  gold  coated  the  upper  part  as  thickly  as 
the  lower,  and  very  uniformly,  which  certainly  conld  not  have 
been  the  case  had  it  been  simply  a  deposit  of  meciianically  sug- 
j>en(led  particlen.  It  waa  no  doubt,  as  Mr.  Field  observed,  a 
good  example  of  deposit  from  an  actual  solution. 

I  tried  the  followin^^  experiment,  in  order  to  arrive  at  some 
idea  of  the  quanti^  so  taken  up  in  ordinary  assaj^iug  operations* 

H  2 
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Four  assay-qnatitities  of  pure  gold  were  accurately  weighed, 
then  added  to  the  usual  proportion  of  fine  silver,  aud  of  lead, 
and  cupelled.  Tbe  buttons  then  rolled  aud  coiled,  were  parted 
with  nitric  acid.  For  the  boilings,  acids  wore  prepared  of  specific 
gravity  1-25  and  1*35  respectively. 

No.  1  assay  was  then  boiled  20  minutes  in  the  weaker,  and 
afterwards  for  18  minutes  in  the  stronger  acid,  between  which 
operations  the  cornet  was  washed  with  hot  distilled  water. 

No.  2  assay  was  boiled  onoe  in  the  first,  and  twice  in  tlie 
second  add. 

No.  3.   Once  in  the  first,  and  three  times  in  the  second. 

And  No.  4.  Onoe  in  the  first,  and  four  times  in  the  second; 
the  boilings,  as  I  have  said,  being  continued  fbr  20  minutes  in  the 
weak,  and  for  18  minutes  in  the  second  acid. 

The  several  comets  were  then  washed  off  with  hot  distilled 
water,  annealed,  and  weighed,  and  the  following  is  the  result  z — 

Calling  the  weighings  befm  the  Operations  1000:  the  first 
comet  weighed  999  6,  the  second  992,  the  third  996*7^  and  the 
fourth,  997-9;  the  loss  thus  increasing  in  proportion  as  we  ^ 
multiply  the  number  of  boilings. 

Now,  the  question  occurs  as  to  whence  the  loss  arises.  T  may 
first  say,  that  it  has  been  suggested  that  it  is  due  to  sUver  being 
more  completely  separated  by  the  repeated  boilings. 

But  in  reply  to  this  I  can  state,  that  I  have  examined  these 
comets  over  aud  over  a(,-ain  ;  and  that  after  the  first  boiling  as 
above  described,  the  amount  of  silver  left  iutlicm  is  very  uniformly 
1*16  in  the  1000  parts.  But  the  difference  between  999  6,  the 
weight  of  the  first  cornet,  and  997*9,  that  of  the  fourth,  is  1*70 ; 
here  then,  supposing  the  latter  to  be  entirely  free  from  silver 
(which  is  not  really  the  case),  we  have  0*54  abstracted,  a  quantity 
just  equal  to  8  grains  in  the  troy  pound,  which  loss  can  only  be 
traced  to  the  removal  of  gold. 

Next:  it  has  been  urged,  that  the  appearanoe  of  gM  in  the 
fued  parting  add,  is  due  to  mechanical  causes,  dependent  upon 
the  friction  of  an  exceedingly  soft  and  spongy  body,  by  its  being 
thrown  violently  about  in  a  dense  add  fluid,  and  by  the  n^iid 
evolution  of  bubbles  of  add,  or  add  vapour,  rushing  from  its 
surface,  all  this  being  of  course  increased  as  the  dendty  of  the  add 
is  increased  by  evaporation. 

I  believe  that  this  is  not  the  case,  and  that  in  the  fluid  medium 
no  such  abrasion  takes  place,  but  that  it  is  a  true  case  of  solution. 
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uid  by  tlie  agency  of  the  nitrous  add  evolved.  la  proof  of 
tliis  I  have  taken  a  portion  of  this  aeid  which  bad  been  to  oacd, 
and  after  dilution,  separated  the  silver,  then  evaporated,  and 
obtained  small  qoantities  of  gold,  which  were  next  redissolved, 
in  nitro-hydrochloric  add,  and  proved  to  be  sndk  by  the  usual 
tests. 

Again^  I  do  not  think  that  the  deposit  npon  Mr.  Field's 
store  bottles  (to  which  I  have  alluded),  ooold  have  taken  place  in 
so  reg^ttlar  a  manner  npon  their  upper  portions  without  actual 
solution ;  for  had  it  been  mere  mechanical  suspension,  the  metal 
upon  the  lower  part  would  of  course  have  been  much  in 
excess. 

Now,  as  to  the  evolution  of  this  nitrous  add.  At  the  first 
boilings  when  the  silver  is  present  in  such  large  quantity,  aitrons 
add  is  given  off  most  copiously ;  but  probably  its  solvent  action 
npon  the  gold  is  then  controlled  and  checked  by  electrical  action^ 
that  is,  by  the  gold  beodmiog  the  negative,  and  the  silver  the 
poaitive  element  in  a  voltaic  drcuit ;  but  when  the  silver  is  wholly 
(or  nearly)  removed,  this  check  no  longer  exists,  and  the  solution 
of  the  gold  progresses  more  rapidly. 

Then,  with  respect  to  the  cause  of  the  evolution  of  nitrous 
acid,— of  course  as  I  have  already  said,  as  long  as  there  is  any 
silver  to  oxidise,  it  will  be  generated;  and  when  the  silver  is 
nearly  abstracted,  the  method  of  boiling  adopted  by  many 
assayefs  induces  its  continuance ;  for  it  is  scarcely  posuble  to  boU 
an  assay  in  strong  add  without  some  means  of  disengaging  the 
vapour  formed ;  if  some  help  be  not  afforded,  the  add  will  "bump" 
so  much  as  almost,  if  not  quite,  to  throw  it  out  of  the  flask.  Hence 
it  is  the  custom  with  some  to  introduce  a  small  portion  of  char- 
ckwl,  which,  from  its  porosity,  tends  to  the  steady  evolution  of  this 
vapour.  Now,  if  the  diarcoal  be  entirely  carbomized,  it  does  not 
materially  affect  the  add;  but  if  it  contain  much  woody  matter 
not  thoroughly  carbonised,  it  is  then  sure  to  decompose  it,  and 
set  nitrous  add  free*  Indeed,  I  have  for  some  years  ceased  to  use 
this  body,  from  its  injurious  eflSscts  upon  the  add. 

I  am  aware  that  the  matters  mentioned  in  this  paper  are  scme- 
what  trivial  in  a  sdentific  point  of  view;  but  their  commercial 
importance  will  be  at  once  admitted,  when  we  remember  the 
enormc»us  values  dealt  with  in  this  country,  and  consider,  more- 
over, that  they  are  at  times  turned  over  and  over  again  and  that 
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tbe  question  of  profit  and  loss  in  such  commercial  operations  are 
much,  if  not  entirely,  in  the  hands  of  the  assayer. 

iMMtXy,  this  publicatioii  may  serve  to  account  for  some  of  the 
discrepancies  which  are  sometimes  found  between  assayers. 


X. — On  Bihromosuccinic  Acid  ayid  the  Artificial  Production  of 

Tartaric  Acid. 

Br  W,  H.  Perkin^  P.C.S.,  ahd  B.  F.  Duppa,  Esq. 

In  April  of  last  year,  we  published  a  paper  on  the  action  of  penta- 
chloride  of  phosphorus  on  malic  .icid,*  in  which  we  stated  that 
there  seemed  reasons  for  believing  that  tjicrc  existed  a  close  relation 
between  succinic,  malic,  and  tartaric  acids,  similar  to  that  which 
exists  between  neetic,  jrlycollic,  and  glyoxylic  acids;  and  for  the 
purpose  of  verifying  that  supposition,  we  proposed  endeavouring  to 
obtain  mono  -  and  bil)romo-succinic  acids,  thinking  that  by  hydrat- 
ing  them  by  means  of  hydrate  of  silver,  or  by  dcrnm]>osing  their 
silver-salts  in  the  prrsrnce  of  water,  we  might  obtain  malic  and 
tartaric  acids.  Since  that  time,  we  have  obtained  both  of  these 
broroo-acids,  but  up  to  the  present  have  only  studied  the  bibromo« 
raceinic  add. 


Bibromosucdnic  Acid. 

We  endeavoured  to  produce  this  snlistance  by  the  direct  action 
of  bromine  on  succinic  acid,  but  did  not  obtain  any  satisfactory 
results.  The  process  by  which  we  have  succeeded  in  obtaining 
this  acid,  is  as  follows : 

Equal  volumes  of  bromine  and  chloride  of  succinyl  are  heated 
in  a  strong  sealed  tube  to  a  temperature  of  120  or  I'SO'^C.  for  three 
or  four  hours.  The  tube,  after  having  cooled,  must  be  very  care- 
fully opened,  so  that  the  hydrobromic  acid  which  has  formed  may 
slowly  issue  forth  ;  if  the  tube  be  opened  too  rapidly,  its  contents 
will  be  projected  and  lost.  The  product  thus  obtained  is  an  oily 
liquid  coQ&istiug  of  impure  chlohde  of  bibromosncdnyl.   This  is 

•  Pha  M«g.  April  1869. 
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deoompowd  by  being  well  agitated  for  an  hour  or  two  -with  two  ot' 
three  times  its  volume  of  water,  after  which,  the  liquid  will  contain 
ocmsiderable  quantities  of  the  new  acid  in  the  form  of  cr^'StalHne 
precipitate;  tliie  is  porified  by  being  well  washed  on  a  filter  to 
separate  hydmchloric  acid,  and  also  another  eitremety  soluble  acid 
which  has  been  formed.  It  is  then  dissolved  in  a  moderately 
ttfong  solution  of  carbonate  of  sodium  and  filtered  ibr  the  purpose' 
of  removing  a  small  quantity  of  an  oily  substance.  Hie  resulting 
sodium  salt  is  then  decomposed  by  nitric  acid,  which  causes  the 
new  product  to  separate  as  a  crystalline  precipitate,  which,  when 
thorou.;hly  washed  on  a  filter  with  cold  water  and  then  dried,  con- 
stitutes pure  bibromosiicciiiic  acid. 

Carbon,  hydrogen,  and  bromine  determinations  of  specimens 
dried  in  vacuo  over  sulphuric  acid,  gave  the  following  numbers : — 

I.   *4150  of  substance,  gave 
*8643  of  carbonic  acid  and 

•0600  of  water. 

II.    '2950  of  substance,  gave 
•4085  of  Iwomide  of  silver. 

Percentage  composition  :— 

L  n. 

Carbon  .      .   17-86  — 

Hydrogen      •     1*60  — 

Bronunei      •  — >  68*2 

which  agree  with  the  formula, 

as  mav  be  seen  irom  the  followmg  table : — 

Xheoiy.  .  Ispniiulit. 


Carbon 

8  c^uiv.  • 

r 

.  48 

 V 

17-39 

17-36 

Hydrogen 

4    „  • 

4 

1-60 

Bromine 

2  • 

.  160 

57-97 

58'^ 

Oxygen 

8    „  • 

.  64 

23-20 

%n 

100  00 

"Ribromn'^necinic  acid  is  difficultly  soluble  in  cold,  but  tolerably 
so  iu  hot  water,  from  which  it  crystallises  on  oooiiug  in  opaquo 
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prisms;  it  is  very  soluble  in  alcohol  and  extremely  so  in  ether. 
We  have  found  the  latter  solvent  very  useful  in  separating  small 
quantities  of  this  acid  from  its  aqueous  solutions.  Crystals  of 
bibromacetic  acid  decrepitate  when  gently  heated,  but  when, 
subjected  to  a  high  temperature,  decompose  with  formation  of 
hydrobromic  acid.  It  has  a  strong  acid  taste  and  reddens  litmus 
rapidly.    We  have  but  cursorily  examined  the  salts  of  this  acid. 

Bibromosuccbiate  of  sodium  is  verjr  solable  and  appears  to 
contain  water  of  crystallisation. 

Acid  HbromosuceuuUe  qf  potamum  is  a  wlute  crystalline  salt 
sparingly  soluble. 

Btbnmosticcmate  qf  silver  is  obtained  by  adding  a  solution  of 
nitrate  of  silyer  to  either  of  the  above  salts.  It  is  a  white  salt 
nearly  insoluble  in  water.  The  following  determinations  were 
made  of  a  specimen  dried  over  sulphuric  add  in  facno 

L    'BSIG  of  substance,  gave 
'1879  of  carbonic  acid  and 
*0288  of  water. 

II.    '4163  of  substance,  gave 

■2418  of  chloride  of  silver  and 
'3195  of  bromide. 

These  results  agree  with  the  theoretical  numbers,  as  may  be  seen 
by  the  following  table ; — 


SzptriiMalk 

Carbon 

8 

equiv.  • 

.  48 

 ^ 

9-79 

9.63 

Hydrogen 

2 

w  • 

2 

•40 

•60 

Bromine 

2 

j>  • 

.  160 

44  08 

43-71 

Silver 

2 

w  • 

.  216 

32-65 

82-64 

Oxygen 

8 

•  64 

18-08 

490 

100*00 

On  boiling  a  quantity  of  hihromoeucdnate  of  sUm  with  water, 
it  gradually  decomposes,  with  evolution  6t  carbonic  acid  and  fonna- 
tion  of  bromide  ot  silver;  the  ebullition  must  be  continued  until 
no  more  cerbonic  gas  is  evolved.  The  resulting  mixture  is  then 
thrown  on  a  filter;  the  less  soluble  portion,  whidi  consists  chiefly 
9f  hvoDoide  of  salver,  is  well  washed  with  water;  »d  to  the  fiitawte 
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which  contains  a  small  quantity  of  silver  in  solution,  a  few  drops 
of  hydrochloric  acid  are  added.  The  liquid  is  then  separated  from 
the  chloride  of  silver  by  means  of  a  filter,  and  evaporated  on  a 
water  bath,  until  of  a  syrupy  consistence.  After  remaining  at  rest 
for  four  and  twenty  hours  under  a  bell-jar  over  sulphuric  acid,  it 
k  found  to  oontain  a  considerable  quantity  of  large  crystal*^ 
which  are  then  separated  from  the  residual  syrupy  acid  by  washing 
npicUy  with  oold  akohol;  the  prodnet  thus  obtained  ia  iartmic 


A  poartioii  of  thia  aoid  waa  duaolTad  in  water  and  divided  into 
two  eqnal  qnantities.  Oneof  these  waa  neatraliied  with  carbonate 
cf  potasainm,  and  then  the  other  added  to  it,  whidi  caused  the 
veU-kaown  precipitate  of  the  add  tartrate  of  potassium  to  fonn» 
whereof  we  made  tiie  fqPowing  carbon,  hydrogen,  and  potaasinm 
Jelerminatioms  ;-r 


I. 


IIL 


*1545  grm.  of  substance,  gaye 
•0690  of  chloride  of  potassium. 


Percentage  composition : — 


I. 


XL 


m. 


Carbon 

Hydrogen 

Potassium 


25-49 
2-9 


25-5 
2-7 


200 


These  numbers  agree  very  closely  witii  the  theoretical,  as  may 


be  seen  by  the  subjoined  table 


Carbon     8cqmT.  .  .  48  26-60  26*40 

Hydrogens    ^  .  «  5  2*66  2*80 

TMassimn  1    „  .  •  80*2  20-00  20O 

Oxygen   12    „  .  .  96  61*76  — 


188*2 


100*00 
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This  interesting  formation  of  tartaric  acid  maj  be  thus  explained : 
{C.H,Br»Q.^-      +  2  HA  -  (C.HAr  J  o,  +  2  Ag  Br, 

BibromMnoeioaie  of  SilTer.  TkurUuric  Add. 

evidently  showing  that  it  is  deh?ed  from  four  molecules  of 

water. 

We  have  alluded  to  a  syrupy  acid  which  is  formed  at  the  same  time 
as  tartaric  arid,  and  from  which  it  had  to  be  separated  by  meaiu 
of  cold  alcohol.  This  we  have  not  inTettigated^  as  its  nature  shows 
that  it  would  be  very  difficult  to  obtain  pure,  and  conscquentlj  would 
require  considerable  quantities,  which^  coupled  with  the  expense 
and  labour  of  obtaining  only  a  few  grammet  of  bibroroosuccinic 
acid^  has  induced  us  to  lay  this  part  of  the  inveBtigation  aside  to 
the  present.  It  seems^  however,  probable  that  it  ia  pffuvU  acid^ 
which,  it  will  be  remembered^  ia  formed  from  tartaric  acid  by  the 
loss  of  carbonic  acid  and  water;  and  may  it  not  be  possible  that 
part  of  the  tartaric  acid,  at  the  moment  of  formation,  splits  up  into 
carbonic  acid,  water,  and  pyruric  acid? 

We  are  now  investigating  monobromoraodnie  icid,  firom  which 
we  expect  to  obtain  some  interesting  results. 


XI. — On  the  CompotUton    the  Flatimdcyanidei. 

By  Edwaad  a.  Hadow,  Esq. 

As  the  platiiiidcyanides  are  derived  from  the  platinocyanidesi  it 
will  be  well  briefly  to  mention,  in  the  first  place,  the  mode  of  forma-' 
tion  and  properties  of  the  latter.  The  platinocyanides  are  a  remark- 
able set  of  salts  belonging  to  the  stable  class  of  double  cyanides, 
exceeding  the  fernM^anides  in  the  force  with  which  they  retain  the 
electro-negative  metal  and  disguise  it  to  ordinary  testa*  Concen- 
trated and  boiling  nitric  or  hydxochlorio-acids,  alone  or  mixed^ 
extract  no  platinum  from  them ;  they  are  uuaffected  by  difgestion 
with  peroxide  of  mercury,  and  ooDoentrated  boiling  sulphuric 
acid  liberates  cyemde  of  platianm  with  dilBBculty  only*  They  have 
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fhe  general  formula  MCy.PtCy  or  iMPtCy,„  the  platinum  in  them 
exif^ting  in  tlie  state  corresponding;  to  protochlorido  of  platinum, 
so  that^  before  preparing  these  salts  from  a  solution  of  bichloride 
of  plalinum>  U  TDUst  be  reduced  to  the  condition  of  protochloride,' 
etiher  by  sulphurous  acid,  or  by  eraporation  to  dryness  and  expul- 
iioii  of  half  the  chlcnriBe  by  heat.   The  prodaot  in  either  case  is' 
treated  with  excess  of  cyanide  of  potassiam  nntil  a  clear  solution' 
k  obtained,  which,  if  previonaly  warm  and  sufficiently  concen-, 
tnted,  will  deposit  on  coolinj^i  long  prisms  of  the  potasftinm-salt, 
from  which  the  other  platinocyanides  may  easily  be  derived,  by' 
precipitating  its  solution  with  that  of  a  aalt  of  copper,  washing^ 
the  precipitate,  suspending  it  in  water,  and  decomposing  it  by  a 
eorrent  df  sulphuretted  hydrogen ;  the  solution  which  contains 
Lydroplatinocyanic  add,  and,  alter  filtration  from  the  sulphide  of 
copper,  may  be  saturated  with  any  required  base.    A  more  conye- 
nient  way  I  find,  in  many  cases,  is  to  treat  the  protochloride  of 
platinum  directly  with  tlie  required  base,  and  sufficient  hydro- 
cyanic acid  to  form  the  double  cyanide ;  the  combination  takes 
place  easily  if  assisted  by  a  gentle  heat,  and  it  is  only  necessary 
to  crystallise  a  few  times  to  get  rid  of  the  chloride  present  in  the 
solution. 

These  salts  arc  remarkable  for  the  j^^eat  bcantv  and  variety  of 
the  colours  tlieir  crystals  exhibit,  uhile  their  solutions  are  trans- 
parent and  colourless.     The    platinocyanidc   of  magnef^iuni  is, 
perhaps,  the  most  beautiful  of  these  salts ;  it  forms  by  slow  evapo- 
ration large  and  regular  prisms  of  a  deep  red  by  transmitted  light, 
but  viewed  by  reflected  light  the  sides  of  the  prisms  exhibit  a 
brilliant  beetle-green,  and  the  extremities  a  deep  blue  or  purple 
colour.   The  red  salt  gently  warmed,  even  under  water,  becomes 
bright  yellow,  which  is  also  the  colour  of  crystals  deposited  from 
a  solution  at  a  temperature  of  160  ^F.;  heated  to  211^  F.  the  salt 
becomes  quite  white,and  again  at  a  higher  temperature  bright  yellow. 
These  changes  of  colour  correspond  to  successive  losses  of  water, 
the  ordinary  red  salt  containing  7  equiv. ;  the  yellow,  according  to '. 
Weselsky,  6  equir.   At  21%"  F.  the  salt  still  retains  2  equiv., 
which  are  only  expelled  by  a  heat  of  between  SOC  and  400%  when , 
it  becomes  anhydrous  and  again  yellow.  If  a  portion  of  this  yellow' 
anhydrous  salt  be  laid  on  the  red  salt  in  powder,  it  will  soon 
abstract  water  (from  the  latter),  and  a  white  layer  will  be  formed 
between  two  yellow  borders^  one  of  these  yellow  compounds  being 
anhydrous,  and  the  other  coutaiaing  6  equiv.  of  water. 
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eadeavouring  to  prepare  tills  salt,  I,  on  one  occasion,  made  use  of 
a  method  given  by  Quadrat,  which  consists  in  evaporating  to 
dryness  mixed  solutions  of  sulphate  of  magnesia  and  platino- 
cjanidc  of  potassium,  and  digesting  the  dried  mass  in  a  mixture 
of  alcohol  and  ether;  instead  of  which,  however,  I  used  only 
alcohol,  and  that  somewhat  weak,  and  by  so  doing  obtained  a 
solution,  which  gave,  in  addition  to  the  ordinary  dark  red  salt, 
another  set  of  crystals  of  a  paler  red,  and  exhibiting  a  steel-blue 
lufltre  by  reflected  light,  instead  of  the  usual  emerald-green  of  the 
ordinafy  salt  Analyait  proved  it  to  be  a  double  pUtiuooyaiiide  of 
magnesium  and  poiaanum,  having  the  formula 

MgPtCyj .  KPtCy,  +  2H0  +  5aq  =  416  5, 


CslcnUtted. 

2Pt    =  47-54  47-2 -47-1 

4Cy  «  24-97  — 

Mg    »  8*00  802 

K     m  9*86  9-41 

2H0  =  4*82  4*40  ezpeUad  above  212''  F. 

5H0  »  10*81  10-97  expelled  at  212. 


1 


In  this,  aa  in  many  other  platinocyanides,  a  portion  of  water  ia 
retained  at  212*.  This  salt  cannot  be  recrystallised  except  from  a 
considerable  excess  of  platiuocyanide  of  magnesium,  and  evea 
when  this  is  present^  sudden  cooling,  or  agitation  of  the  saturated 
solution,  causes  the  separation  of  the  potassium  salt  free  irouL 
magnesium. 

These  platinocyanides,  represented  by  the  general  formula 
MPtCy^,  nmy  be  transformed  into  tlie  salts  termed  platinidcya- 
nides,  by  the  action  of  chlorine,  bromine,  nitric  acid,  &c.— a  set  of 
compounds  characterised  in  the  crystalline  form  by  a  peculiar 
coppery  lustre,  and  to  which  the  general  formula  iVI^Pt^Cy^  has 
hitherto  been  assigned.  They  are  thus  represented  as  differing 
from  the  platinocyanides  by  the  addition  of  an  atom  of  cyanogen 
to  every  two  atoms  of  the  latter  salts. 

Kg^Cys  =-  2(MgPtCyJ  .  Cy. 

This  somewhat  improbable  formula  seemed  yet  to  be  strongly 
confirmed  by  the  foUowing  iacts.   Gerhardt  at  first  donbted 
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but  afterwards  confirmed  it  by  an  analysis  of  the  potassium-salt. 
A  determination  of  the  platinum  and  potassium  made  by  myself 
asTeed  so  closely  with  the  requirements  of  the  formula  as  also 
strongly  to  confirm  it.  These  salts  act  like  the  ferridcyanides  in 
presence  of  a  free  alkali, — exerting  a  powerful  bleaching  action  on 
cocliincal;  they  also  liberate  iodine  from  iodide  of  potassium, 
confirmin}»  the  analogy  between  the  two  sets  of  salts.  They 
evolve  cyanogen  when  heated  sufficiently,  leaving  a  residue  of 
platiuocyanide.  They  arc  produced  equally  hy  the  action  of 
bromine,  nitric  acid,  and  other  oxidizing  agents  on  the  platino- 
^^anides,  showing  that  no  nngle  one  of  these  is  easentially  neoes* 
aary  for  their  formation. 

But  then,  on  the  other  handj  the  following  difficoltiea  pre- 
sented themselYes.  The  ]^tinnm  and  basic  metal  remain  in  the 
same  proportion  to  each  other  in  the  platinid<^yanides  ss  in  the 
platinocyanidea  from  which  they  are  deriTed,  the  difference  being 
merely  an  excess  of  cyanogen  in  the  Utter  over  that  in  the  ftrmer. 
Whence  is  this  cysnogen  derived?  In  the  case  of  the  ferrid* 
cyanides,  the  proportion  between  the  iron  and  the  basic  metal 
in  the  ferrocyaaide  has  been  altered  by  the  chlorine,  which 
abstracts  a  portion  of  the  basic  metal,  leaving  the  cyanogen 
behind  to  explain  the  excepts  found  in  the  ferridcyanide : 

2{M2FeCy3)  +  Q  =  UJ^e^Cy^  +  MCL 

Bat  to  account  for  that  in  the  platinidcyanides,  it  is  necesttiy  to 
assume  the  simultaneous  removal,  by  the  action  of  chlociue  on  the 
platinocyaaides,  of  equal  proportions  of  platinum  and  basic  metal : 

3(MPtCy,)  +  a      MjPtaCy.  +  MCI  +  PtCy; 

an  explanation  which  appears  very  improbable  to  any  one  who  has 
obser\'ed  the  great  stability  of  the  platinocyanides,  and  the 
remarkable  ease  with  wlucli  tlie  transformation  by  chlorine  occurs. 
These  salts,  it  is  true,  have  an  oxidizing  effect  in  presence  of 
potash,  in  consequence  of  whicli,  by  the  addition  of  an  oxidizable 
body,  they  arc  reduced  to  platinoeyaiiitles ;  but  then  it  ought  to 
occur  with  simultaneous  formation  of  £roe  cyanide  of  potassium : 

MaPtjCy^  +  KO  +  X  =  2(MPtCya)  +  KCy  -r  XO, 

but  no  free  cyanide  can  be  detected  as  a  product  of  such  a 
reaction  in  any  case.   Moreover^  there  exists  another  salt^  the 
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vhinuite  prodnct  of  the  ftetkm  of  ddorine  on  the  pfatundqnmide 
of  pokBstiuiii  (the  nH  ohiefly  ewnined),  usually  represented  hy 

the  formula  PtCy2.KCl,  the  formation  of  which  from  the  plati- 
nidcyauide  is  equally  difiicuit  of  explanation  with  that  of  the 
latter  from  the  platinocyanidc ;  and  further  still  is  it  difficult  to 
represent  the  mode  of  tlie  leduciiou  of  the  chlorinated  salt  to  the 
state  of  platinidcyanide,  which,  however,  actually  occurs  very 
readily  under  the  action  of  reducing  agents. 

The  determination  of  the  proportions  hetween  the  cyanogen 
and  the  platinum  at  once  scned  to  clear  up  most  of  these 
diihculties.  The  proportion  was  found  to  be  identically  the  same  in 
the  platinidcyanides  as  in  the  platinocyaaides;  and  the  difference 
between  the  two  aets  of  salts  in  oomposition  was  found  to  ooneist 
in  the  addition  of  a  certain  amount  of  the  chlorine,  bromine,  or 
other  elementary  or  compoand  salt«nidical  used  for  their  forma- 
tion,— so  that  there  exist,  not  one  set,  hut  many  sets  of  platinid- 
c^jranidesj  repairing  the  prefix  of  ehhro,  bromo,  fkc,  to  distinguish 
them.  Such  being  the  esse,  it  appeared  most  probable  that 
Knop's  and  Gerhardf  s  salts  had  been  true  cyano-pktinoeyenideB, 
as  the  above  formula  indicates,  formed  under  some  peculiar  oondi- 
tkms,  perb^  in  presence  of  excess  of  cpnide  of  potassium,  so 
that  cyanogen,  instead  of  chlorine^  had  really  been  superadded  to 
the  original  platinocyanidc,  and  tbat  the  salt  under  examination 
differed  from  theirs  only  in  containing  chlorine  in  place  of 
cyanogen.  I  was  therelori'  not  a  little  surprised  to  tind^  instead 
of  1  atom  of  chlorine  to  2  atoms  of  platinum,  which  a  chlorine- 
compound  analogous  to  this  cyanogen- compound  i>Luuld  contain, 
not  al)ove  a  third  of  that  quantity;  accordingly,  even  if  the 
chlorine  ever  were  truly  replaced  Ijy  cyanogen — which^  after  several 
attempts,  I  failed  to  efftct — the  formula  MjPt^Cyj  never  could 
represent  the  composition  of  the  eyaiio  platinoeyanidcs,  the  super- 
added cyanogen  being  too  large  in  amount  by  two-thirds. 

Considerable  difficulty  was  found  in  determining  the  amount 
of  rlilorine  in  the  salts,  on  account  of  their  high  atomic 
weight.  Repeated  combustions  of  the  chloro-platinocyanide 
of  potassium  with  nitrate  of  potash  and  carbonate  of  soda  gave  a 
proportion  of  1  equiv.  of  chlorine  to  between  6  aud  7  equiv.  of 
platinum.  This  analytical  method  proving  unsatisfactory,  from 
not  giving  a  probable  formula,  a  synthetical  method  was  tried, 
with  better  suocess;  it  was  found  that  a  solution  of  pktino* 
^Kyanide  acididated  with  hydroohlom  acid,.n^dly  and  perfeetlyr 
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decolorizes  a  solution  of  permanganate  of  poUifih^  until  the  platino- 
cyanide  has  taken  up  the  maximum  amount  of  chlorine,  and 
become  converted  into  the  salt,  PtCy^KCl,  which  has  been  before 
mentioDcd  as  the  ultimate  product  of  the  action  of  chlorine  on 
the  chloro-platinocyanidcs,  and  which  might  be  termed  the 
perchloro-platinocyanide  of  potassium.  As  no  method  could  be 
devised  to  indicate  when  the  first  stage  of  the  change,  namely, 
from  platinocyanide  into  chloro-platinocyanide,  ia  complete,  it 
"was  not  possible  to  determine  the  amount  of  chlorine  necessary 
for  its  formation  in  this  direct  way;  hut,  starting  from  the 
chloro-platiuocyanide,  it  was  easy  to  deti  rmiiie  by  means  of 
permanganate  of  ])otash  how  much  aildUional  chlorine  wa3 
necessary  to  convert  it  into  the  perchloro-platinocyanide,  the  true 
composition  of  wliich  had  been  determined  and  found  to  have 
been  correctly  represented  in  its  elementary  proportions  by  the 
formula  hitherto  given.  It  was  thus  found  that  while  6  equiv.  of 
the  platinoeyanirle,  containing  6  equiv.  of  platinum,  required  6 
of  chlorine  for  the  formation  of  the  perchloro-platinoojauide^  a 
quantity  of  the  chloro-platiuocyanide,  coi^taiuing  the  same  amount 
of  platinum,  required  only  5  equiv.  of  chlorine  to  convert  it  into 
the  same  salt,  proving  that  1  equiv.  already  existed  in  this 
quantity  of  the  salt,  and,,  therefore,  that  its  true  composition  in 
the  anhydrous  state  is  G(KPtCy2)Cl.  This  compositicm  explains 
its  oxidizing  })o\ver  in  alkaline  solutions,  and  why  iio  free  cyanide 
can  be  detected  when  its  force  has  been  spent  on  an  oxidiMble 
bod/;- 

6(KPtCya)Cl  +  KO  +  X  =r  6(KPtCya)  +  KCl  +  XO,  ' 

an  alkaline  chloride,  and  not  a  cyanide,  being  formed.  The 
evolution  of  cyanogen,  and  its  reduction  to  platinocyanide  when 
heated,  is  due  to  the  chlorine  partly  entering  the  salt,  and  dis- 
placing cyanogen ;  (a  certain  amount  of  chloride  of  ammonium 
is  however  likewise  formed  at  the  tinte  when  moisture  is  present) : 

e(KPtCyja  »  6(KPtqyJ  +  KQ  +  PtCy  +  Cy. 

The  salt  after  this  gives  a  somew  hat  turbid  solution,  from  PtCy 
vhich  has  been  set  free.  The  formation  of  the  salt  from  the 
platinocyanide,  and  its  ready  conversion  into  the  perclJoro- 
plstinoeyanidep  and  the  reduction  of  the  latter  into  the  chloro*' 
|MmgrMud«  and  platiiiocjsnidQ  sncoessively^  by  redadng' 
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agents,  is  due  to  the  successive  additions  of  chlorine  in  one  case, 
and  successive  abstractions  of  it  in  the  other,  without  any  forma- 
tion or  separation  of  cyanide  of  platinum,  or  of  chloride  of 
potassium^  in  either  case — 

6(KPtCyJ  +  CI  «  K«Pt«Cy„a 
^ei'tfiCyjaCl  +  5C1  =»  6(KPtCyaCl). 

The  eUoro-pIatuioeyaiiide  of  potanriam,  as  ordinarilf  dried  in  a 
hot-water  oven^  loses  the  percentage  of  water  given  liy  Oerhardt 
in  hia  analysis,  bnt  still  retains  8  eqaiY.,  which,  together  with  the 
chlorine  overlooked,  correspond  pretty  nearly  in  weight  with  the 
excess  of  cyanogen -supposed  to  exist  in  the  salt,  and  which  thna 
appears  to  have  been  determined  by  difference  only.  The  compo- 
sition of  the  crystallised  salt  is : 

Pt«KeCy|2.Cl  +  dHO  +  18aq  =  1364-5. 

The  direct  determinations  of  chlorine,  as  before  stated,  were 
unsatisfactory,  inasmuch  as  they  showed  on  the  avcrap^e  a  deficiency 
of  about  0*20  per  cent.  The  salt  has  a  slight  tendency  to  lose 
■water  of  crystallisation  in  dry  weather.  Tlie  water  was  therefore 
determined  in  two  samples,  one  dried  •spontaneously  in  the  air, 
the  other  by  strong  pressure  in  bibulous  paper  immediately  after 
removal  iiom  its  aolution,  as  the  two  extremes  to  furuish  a  correct 
mean. 


18H0  Lo«pere«ital2ia* 

ZkLO          »  400l<* 

▲ir<lried. 

-  IVH 

-  I'M 

Dried  by  Aver- 
PreMure.  age. 

10-9    n-u  ii'ffs 

rW      —  1*96 

Calculated 
for  18  HO. 

11-87 
1-98 

Composition  of  salt  dried  at  212'^  : — 

6Pt   =  49-27 

Found. 

60-07 

48-7 

Average. 
49-34 

GUealated. 

49*39 

6R    =  1968 

19-92 

19-80 

19-47 

12Cy  =  25-83 

25-83 

25-95 

CI   =  2-76 

2-82 

2r9 

2*79 

2-95 

8HO  =  2*19 

2*28 

2-21 

2*24 

99-97 

The  quantities  of  the  salt  taken  for  the  various  determinations 
Yaried  irom  7  to  13  grs.   The  platinum  and  potassium  were 
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oblaiiied  by  evaporatiaiL  with  pure  oonoentnted  mipliiirio  acid> 
IbUowed  by  gentle  ignition.   The  cyanogen  was  detarminfid  by 

combustion  of  10*6  {rrs.  with  soda-lime. 

The  al)()vo  formula  represents  the  empirical  composition  of  the 
chloro-platinooyanide  of  potassium.  Its  true  rational  composition 
was  discovered  on  precipitating  its  solution  with  a  solution  of  zinc, 
when  it  was  found  to  have  resolved  itself  into  a  platinocyanide, 
which  was  precipitated  in  combination  with  zinc,  and  a  perchloro- 
platinocyanide,  which  remained  in  solution ;  and,  accordingly,  on 
mixing:  a  aolutiou  of  the  perrhloro-platinocyanide,  a  salt  which 
forms  large  colourless  crystals,  with  another  of  the  nearly  colour- 
Um  platinocyanide^  the  mixture,  if  sufficiently  concentrated,  will 
deposit  immediately  an  abundant  Ofop  of  oopper-oolomed  C97stal8 
of  chloro-platinoqranide ; 

5(KPtCyJ  +  KVtCyja  «  K^PtgCyj^Cl. 

It  i9peai%  in  fact,  to  be  a  double  salt  of  the  two* 

The  solntioni  accordin^y,  of  the  so-called  platinidc^yamdes 
exhibits  the  reactions  of  a  mixture  of  its  component  salts^  and  it  it 
ihin  imposnble  by  any  direct  tests  to  ascertain  whether  mther  is 
in  excess  or  not ;  this  point  can  only  be  determined  by  oareftd 
oryvtaUisation.  By  this  latter  method  ihe  formula  of  the  chloNM 
platinocyanides  was  farther  confirmed ;  the  two  component  salts 
were  mixed  in  various  proportions,  and  the  compound  salt  was  crys- 
tallised out,  when  one  or  other  of  its  components  would  be  found 
in  excess,  unless  the  ri»ht  proportions  had  been  taken.  The  results 
obtained  in  this  way  were  not  absolutely  satisfactory,  in  conse- 
quence  of  partial  decomposition  during  repeated  crystallisation; 
but  they  served  to  counterbalance  the  determinations  of  chlorine 
by  analysis,  the  errors  in  the  numbers  obtained  being  in  the 
opposite  direction,  and  indier.tinj^  the  proportion  of  1  equiv.  of 
chloriao  to  between  5  and  G  equiv.  of  platiuam.  It  was  found 
that,  from  whatever  solution  the  chloro-platinocyanide  was  erysial- 
liaed^  it  always  contained  the  same  amount  of  chlorine,  so  that 
there  appears  to  be  no  doable  salt  intermediate  between  the 
chloro-platinocyanide  and  percbloro-platinocyanide;  and,  accord- 
ingly, if  a  purely  i^nnogen-platinocyanide  existed^  it  may  be 
oondoded  from  analogy  that  it  would  have  the  composition, 

5(PtKCya)  -f  PtKCy^  and  not  (IHKCya  +  PtKCyj) 

which  the  hitherto  accepted  formula  requires.  The  hromo*and 
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nitro-platiBidcyaiiides  so  oloselj  Tetemble  the  ooneipoilcliiig 
chlorinated  salts  as  hitherto  to  have  been  confounded  with  them 
under  the  general  term  of  platimdcyanides«  and  as  their  appearance 
and  focility  of  formation  are  so  mnch  alike^  there  is  every  reason  to 

conclude  that  they  have  an  analogous  compositiou,  being,  in  fact, 
tlouljlc  ssilts  of  a  platinocyanide,  and  a  corresponding  perbrorao- 
and  perintro-platinidcyiinide,  which,  like  the  hij^hest  chlorine  oom- 
pounds,  are  colourless.  In  the  case  of  nitric  acid,  NO,;  must 
represent  the  chlorine  and  bromine  of  the  corrcspondiiifj;  salts. 
There  appear  to  be  no  analogous  iodine  compounds,  since  any  one 
of  these  salts  treated  with  iodide  of  potassium  immediately 
liberates  iodine.  But  there  are  analogous  compounds  containing 
the  salt  radical  SO^  in  place  of  chlorine,  bromine,  &e.,  and, 
doubtless,  similar  compounds  with  the  salt-radicals  of  other 
acids ;  the  existence  of  the  sulphuric  compound  was  inferred  in 
the  first  instance  from  finding  that  a  solution  of  a  platinocyanide 
acidulated  with  sulphuric  acid  rapidly  decolorises  a  perman<p 
ganate.  The  crystallis:'d  oxysulphoopiatinoc^anide  of  potassium 
is  readily  obtained  by  adding  a  Uttle  peroxide  of  lead  to  a  saturated 
solution  of  platinocyanide  of  potassium  acidulated  with  sulphuric 
acid;^each  particle  of  peroxide  dropped  in  becomes  instantly 
enveloped  in  a  moss-like  growing  mass  of  the  copper-eoloared 
salt. 

From  a  few  experiments  recently  made,  it  would  appear  tiiid 
these  remarkable  compounds  may  also  be  regarded  as  salts  in 
which  the  platinocyanide  HPtCy,  plays  the  part  of  a  metal,  since, 
in  the  snlphurio  compound,  the  sqlphnric  add  readily  admits 

of  replacement  by  another  acid  by  double  decomposition  with  a 
baryta  salt ;  and,  accordingly,  it  seems  to  be  not  unlikely  that 
there  are  oxygen-compounds  capable  of  acting  the  part  of  bases, 
and  combining  directly  with  aeids  to  form  the  per-compounds 
wliieh  by  combination  with  the  platinoeyanides,  form  the  platinid- 
cyatiidcs.  It  is  on  account  of  the  feeble  athnity  that  exists 
between  the  platinocyanide  (as  a  compound  metal)  and  the  sait- 
radicai,  th  t  reducing  agents  so  readily  d(;eompose  them  into  the 
j)latinocyanide  and  the  corresponding  acid,  just  as  they  would 
the  corresponding  salts  of  gold,  the  gold  being  supposed  to 
represent  the  platinocyanide  in  its  feebly  electro-positive  character. 
If  sulphuretted  hydrogen  be  passed  into  their  solutions^  which 
^re  neutral,  they  immediately  become  strongly  acid. 
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The  most  distinctive  reactions  between  the  platinocyanides 
and  perchloro- platinocyanides,  are  that  the  former  give  an 
abundant  smaH-bhte  precipitate  with  nitrate  of  suboxide  of  mercury, 
and  a  flocculent  bhie  precipitate  with  salts  of  copper.  The  latter 
give  a  white  with  nitrate  of  suboxide  of  mercury,  and  a  fine  sandy 
blue  with  salts  of  copper ;  they  liberate  iodine  from  iodides ;  and 
if  dropped  in  the  solid  form  into  a  concentrated  solution  of 
|ilatinoc3ranide  of  potassium,  they  are  immediately  coated  with 
copper-coloured  needles. 

The  platimdcyanidee  in  solution  exhibit  both  sets  of  reactions, 
and  accordingly,  cannot  be  distinguished  until  crystallised  out, 
when  their  dark  coppery  lustre  at  once  characterises  them.  The 
neatest  way  of  forming  the  chlorine  and  bromine  salts  at  once  in 
a  state  of  purity  is,  to  take  a  concentrated  solution  of  a  platino- 
cyanide,  measure  off  a  sixth-part  and  convert  it  by  an  excess  of 
chlorine  or  bromine  into  the  perciilor(j-  or  peri)romo-platinocyani(le, 
expcllinc^  the  excess  of  the  chlorine  and  bromine  subsequently 
by  a  gentle  heat,  and  then  addinj?  the  remnining  five-sixtlis  of 
platinocyanide ;  in  a  very  sliort  time  the  double  salt  will  form 
abundantly  in  a  state  of  perfect  purity. 


XII.— Ote  the  SiibethyU  and  Stibmethyh. 

By  G.  B.  Buckton,  Esq.,  F.R.S. 

Chemists  are  already  aware,  through  the  researches  of  Dr. 
Hofmann,  that  zinc-ethyl  reacts  on  terchloride  of  antimony  in  a 
manner  similar  to  that  shown  by  terchloride  of  phosphorus; — ^in 
the  former  case,  triethylstibine  is  formed,  in  the  latter  case,  tri- 
ethylphosphine.  The  same  successful  labourer  in  this  field  of 
chemical  inquiry,  in  his  profound  and  complete  history  of  am- 
monia, lately  communicated  to  the  Chemical  Society,  groups  these 
bodies  as  primary  triamines,  or  ammonias  in  which  antimony  and 
phosphorus  severally  play  the  parts  of  nitrogen,  and  three  equiya- 
lents  of  ethyl  those  of  hydrogen. 

The  following  experiments  were  undertaken  with  the  intention 
of  testing  how  far  the  compounds  of  antimony  with  methyl  and 
ethyl,  were  limited  to  the  ammonia-type,  and  more  particularly  to 
determine  whether,  by  assimilating  more  than  tliree  molecules  of 
methyl,  &c.,  bodies  might  arise  referable  to  the  types  oi  auti- 
moiiious  and  autimouic  acids. 

I  2 
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Triethylstibine  is  known  to  combine  with  two  equivalents  of 

chlorine  or  iodine  to  form  its  haloid  salts.  If  substitution  could 
be  effected,  through  zinc-ethyl,  in  these  substances,  a  pentethylated 
radical  would  arisCj  showing  the  antimony  in  a  complete  conditioa 
of  saturation. 

Coarsely  powdered  antimony  attacks  iodide  of  ethyl  readily, 
when  sealed  in  tubes,  and  exposed  to  a  temperature  of  about 
140°  C.  An  oily  liquid  is  formed,  composed  of  biniodide  of 
triethylstibine,  with  probably  a  little  teriodide  of  antimony. 
This  biniodide,  Sbtr^nj)^!^  produces  considerable  heat  when 
mixed  with  zinc-ethyl,  a  pasty  mass  being  formed,  upon  the 
Sinfiuse  of  which  a  yellowish  liquid  floats.  Distillation  is  attended 
by  an  abundant  evolution  of  inflammable  gas,  which  is  charged 
with  the  Taponr  of  triethylstibine.  To  remove  as  far  as  possible 
the  inoonTenience  of  these  dense  white  antimonial  fimies,  the  first 
distillation  is  best  peifbitned  in  a  qniUed  receiver,  the  tube  oC 
which  is  plunged  into  water. 

The  yellowiah  heavy  Hquid,  obtained  as  above,  was  rectified  in 
an  atmosphere  of  coal  gas. 

The  first  portion  contained  a  little  ether,  whi<^  was  separated^ 
after  which  the  temperature  rose  to  ISCP,  between  which  and 
170*^  C.  all  the  liquid  products  passed  over. 

The  fraction  boiling  below  160°  C.  had  the  properties  of 
triethylstibine,  but  gave  numbers  slightly  higher  than  those  re- 
quired by  theory. 


Theory. 

ExperiniMit^ 

8b 

^129 

59-78" 

72 

83*33 

33-51  33-9r 

His 

15 

6-94 

7-17  739 

216 

10000 

Triethylstibine,  when  pure,  is  a  colourless  and  limpid  fluid, 
having  a  faint  odour,  which  can  scarcely  be  styled  alliaceous.  An 
unpleasant  and  very  persistent  taste  is  left  in  the  mouth  when  a 
small  portion  only  of  its  vapour  has  been  inhaled.  It  is  spon* 
taneously  inflammable  in  air,  but  may  be  kept  unchanged  under  a 
layer  of  water.  It  mixes  with  bromine,  under  water,  without 
disengaging  any  noticeable  quantity  of  gas,  and  the  oily  bibromide  of 
triethylstibine  is  formed.  With  hydrochloric  add  hydrogen  gas  is 
liberated,  and  the  corresponding  non-fuming  bichloride  is  produced. 

Triethylstibine  is  a  very  stable  body,  and  distils  without 
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change.  Here  it  differs  from  Staiietliyl,  which,  as  Dr.  Frank- 
laud  has  shown,  deposits  when  heated^  half  its  quantity  of  tin^  and 
passes  into  stannic  diethyl. 

Lo  w  ig  and  Sch  weitzer  found  the  boiling  point  of  triethylstibine 

to  be  159°  C. 

A  combustion  of  the  samples  boiling  between  160°  and  170°  C, 
showed  a  oonsideiable  increase  ia  the  percentage  of  both  carbon 
md  hydrogen. 

Although  the  numbers  obtained,  approach  more  nearly  the  com- 
pontion  of  tetrethylstibine  than  that  of  pentethylstibine^  it  is 
more  probable  that  the  latter  snbstance  is  really  con* 
tained  in  the  mixture.  The  peroentage  of  csrbon  and  hydrogen 
was  not  increased  by  anotiher  rectification  of  the  sample^  and  it 
soon  became  evident  that  ihe  body  was  broken  np  by  beat.  This 
observation  fiimishes  an  ezphuiation  of  the  copious  liberation  of 
gas  noticed  during  the  disdUation  of  biniodide  of  triethylstibme 
with  line-ethyl. 

Tetrethylstibine.  Sample  1.  Simple  2. 

Sb    129       52-65  —    "  —  — 

C,^     96       39  19  87-51       37*44  3596  8544 

20        816    .       7-90        8  01  7-43  739 

245  100-00 

The  decomposition  of  such  a  body  by  heat  is  analogous  to  that 
of  pentachloride  of  antimony,  which  is  thus  known  to  yield  chlorine 
gas  and  the  terchloride.   In  the  same  manner, 

Sb{C^HJs  =  Sb(C^H,)3  +  C^H,  +  C^H^H. 

The  existence  of  a  stibium  compound,  containing  more  than 
'three  molecules  of  ethyl,  was  confirmed  by  the  deportment  of  the 
sample  under  examination  towards  bromine.  A  portion  of  the 
fuming  liquid  was  thrown  up  into  the  head  of  an  eudiometer  tube 
standing  over  mercury,  and  small  quantities  of  bromine  were 
introdnced  from  time  to  time.  The  mixture  was  attended  with  a 
violent  action,  and  a  bulk  of  permanent  gas  was  formed.  As  the 
neutral  point  was  approached,  all  visible  action  ceased,  bnt  when  the 
bromine  was  in  slight  excess,  a  partial  absorption  of  gas  was  noticed. 

As  triethylstibine  unites  with  bromine  to  form  the  bibromide 
without  liberation  of  gjis,  the  appearance  of  ethylene  and  hydride 
of  ethyl  can  only  be  explained  by  the  presence  of  a  more  complex 
ethylatcd  radical  than  triethylstibine. 
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The  absorption  of  gas  also  would  thua  be  eu^^ily  explained. 


Triethjlstibine  passes  into  the  non-faming  bichloride  also  more 
readily  with  concentrated  hydrochloric  acid  than  the  substance 
here  described,  which*  loses  its  character  of  spontaneous  inflam- 
mability only  after  long  boiling. 

It  is  remarkable  that  zinc-ethyl  is  not  attacked  by  bichloride  of 
triethylstibine^  even  wheji  the  muLture  is  raised  to  its  builing 
point. 

The  most  characteristic  salt  of  triethylstibine  is  the  bisulphide, 
which  is  e.ii^ily  formed  by  heating  the  radical  with  alcohol  and 
sulphur.  It  crystallises  in  long  silky  needles^  which  are  readily 
soluble  in  water.  Tins  salt  is  rapidly  decom[)osed  by  boiling  in 
exc(*ss  of  aqueous  cyanide  of  potassiiun.  The  cyanide  is  in  this 
maimer  converted  into  sulphocyanide  of  potassium,  aud  triethyl* 
stibine  is  liberated  in  white  fumes. 

If  the  mixture  containing  the  higher  stibium -radical  be  boiled 
with  alcohol  and  sulphur,  there  is  formed,  together  with  bisulphide 
of  trli  thylstibiue,  a  considerable  quantity  of  bisulphide  of  ethyl. 
This  substance  becomes  immediately  eyident  by  its  powerful  and 
repulsive  odour. 

Although  triethylstibine  is  remarkably  persistent  in  itself,  its 
salts  are  in  general  easily  reduced. 

The  most  convenient  method  of  obtaining  the  radical  triethyl* 
stibine  is  by  distilling  its  salts  with  granulated  sine.  As  the 
biniodide  is  easily  formed,  it  is  well  suited  for  such  an  operation. 
The  action  is  set  up  with  some  energy,  aud  the  products  are  most 
conveniertly  received  under  water. 

I  have  failed  in  forming  substitution -products  by  brinjiin^  to- 
gether triethylstibine  and  bisulphide  of  carbon.  The  same  failure 
also  lia8  happened  in  my  attempts  to  cause  a  reaction  between 
triethylstibine  and  bibromide  of  ethylene.  An  interesting  body 
from  triethylphosphine,  homologous  to  sulphocar  hamate  of 
ammonium,  bus  been  obtained  by  11  of  maun  : 


With  triethylstibine  the  tubes  invariably  humt  at  a  temperature 
of  140''  C,  and  below  this  poiut  uo  change  appeared  in  the  materials. 
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Havinif  Bome  quaiitity  of  triethylstibuie  at  my  diapotal,  a  few 
ttperimeato  in  oonfirmation  of  thow  of  M.  Lowig  were  made. 

On  the  SaUs  TelretkyUliinM, 

Tirietliylstibuie  was  mixed  with  a  sliglit  ezeefls  of  iodide  of 
ethyL  In  the  comae  of  a  few  hours^  a  mass  of  fine  crystals  of 
iodide  of  tetiethyktitnne  was  obtained. 

Iodide  of  tetrethylstibtney  when  mixed  with  sino-ethyl  and 
diatiUed,  yields  the  same  results  as  if  biniodide  of  triethylstibine 
had  been  employed.  Iodide  of  sim^  fixed  gases,  and  a  mixture  of 
two  ndicais  incapable  of  separation  by  heat  were  obtained. 

Oxkle  qf  TetrethyMUntue  is  very  soluble  in  water,  and  ia  un* 
crystallisi^le.  When  heated  alx>ve  lOQ^  C.  it  nndeigoes  decom- 
position, with  liberation  of  white  fumes  of  triethylstibine. 

Sulphate  and  nitrate  of  tetretbylstibine  are  crystalline  salts. 

Chloride  nf  Tetrethpltti^ne  is  also  crystalline.  When  dissolved 
in  water,  and  mixed  with  bichloride  of  platinum,  it  yielded  a  fine 
yeUow  crystalline  salt,  which  was  but  little  soluble  in  alcohoL 

When  ignited  and  separated  firom  the  antimony,  the  following 
analytical  result  was  obtsined. 

0*7856  grm.  of  salt,  gave  0*1752  grm.  of  platinum,  which 
accords  roost  nearly  to  the  formula, 


Sb(C,lI,),Cl.PtCla 

Theory  reqaires 

Found. 

Sb  . 

.  1290 

28-63 

^is  • 

.  9G0 

21-30 

H^o  . 

.  200 

4-4t 

CI3  . 

.  106-5 

23-65 

Pt  . 

.  990 

21-98 

22-31 

450-5 

10000 

Lowig  obtained  a  salt  much  richer  iu  platinum,  to  which  he 
assigns  the  composition, 

SPtCla,  2(Sb(C4  HJ4CI). 

Action  qf  Zinc-meihyl  an  Biniodide  qf  Trimethyttibine* 

As  the  methyl*molecule  is  simpler  in  structure  than  that  of 
ethyl,  it  was  thought  that  a  penta-methylated  body  might  possibly 
resist  decomposition  during  distillation.  The  biniodide  of  tri- 
methylstibine  may  be  obtained  in  beautiful  crystals,  by  acting  on 
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metallic  antimony  with  iodide  of  methyl,  at  a  temperature  of 
140°  C.  As  these  crystals  were  found  to  decompose  sinc*methyl 
energetically,  an  appeal  was  again  made  to  experiment. 

The  materials  were  mixed  slowly  in  a  retort,  and  after  the  first 
action  had  subsided,  the  mass  was  submitted  to  a  temperature  of 
100°  in  a  water-bath,  which  removed  the  excess  of  zinc-methvl  and 
ether.  Subsequently,  the  dittillatioa  of  Uie  solid  mass  was  com- 
pleted over  the  sand  bath. 

In  this  way,  a  heavy  pale-coloured  liquid  was  obtained,  whichj 
after  agitation  with  water  and  weak  acid«  was  rectified  in  an 
atmosphere  of  coal  gas,  heat  being  applied  by  a  water-bath. 

Fractions  wefe  taken  between  80"— 86°,  86°— 96%  ©6*^—100' C. 

All  these  samples  had  the  following  properties  t 

Thej  were  oily  bodies  with  faint  odours,  heavier  than  water, 
with  which  they  did  not  mix.  When  exposed  to  the  air,  they  were 
not  spontaneously  inflammable,  neither  did  they,  at  ordinary 
temperatures,,  give  o£P  white  fumes.  When  dropped  on  a  warm 
sur&oe,  however,  they  ignited  and  burnt  with  a  luminous  flame^ 
aooompanied  by  a  dense  antimonial  dond. 

The  following  numbers  were  obtained  by  analysis  of  these 
samples:-^ 


80*— .Se"  86"— 9d°  flfi* — 100* 

^    ^      — — 


Carbon  .  .  21-99  21*20  26*90  80*18  81*64 
Hydrogen       .     6*06     5*28       6*92       6*88  6^ 

For  comparison,  the  numbers  required  by  tlicory  fur  antimony 
with  three,  four,  and  five  equivalents  of  methyl,  are  appended. 

Sb  ISfcj,  Sb  Me^  Sb  Me^ 

sT^^Ti^s         sP^^ei^r        sb^  eFio 

Cfi     2009  Cg      25-39  C,o  29-46 

516  H,3     G3i  Hj^  735 


100*00  100*00  100*00 

Notwithstanding  the  circumstance  that  the  above  samples  are 
not  spontaneously  inflammable  (a  character  pre-eminently  shewn  by 
trimethylstibine),  the  composition  of  No.  1,  seems  to  indicate  its 
identity  with  that  body.  Before  being  confident  with  reference  to 
the  composition  of  Nos.  2  and  8,  some  weight  must  be  given  to 
an  obsemition  here  made»  vis.,  that  in  the  decomposition  of  iinc> 
methyl  by  a  high  temperature,  instead  of  gases  being  eliminated, 
as  is  known  to  be  the  case  with  zinc-ethyl,  hydro-carbons  are  pro- 
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daced  wliich  bum  with  a  smokv  flame.  These  substances  I  liave 
not  yet  been  able  to  examiue,  but  it  would  appear  that  the  mcthyl- 
molecules  undergo  duplicatiou^  and  thus  give  rise  to  bodies  po»- 
aesnng  high  boiliiig  points. 

It  is  therefore  possible,  that  pentamethylstibine  may  be  resolved 
by  heat  into  trimethyhtibiBe  and  such  a  hydrocarbon.  This 
would  account  also  for  the  ezoeas  in  the  carbon  and  hydrogen 
given  by  analyns  of  lample  No.  8. 

hk  conehuBon,  it  is  thonght  that  a  raviewal  of  these  expeiinientay 
in  hotii  the  ethyl  and  methyl  aeries,  will  justify  the  ooncLnaon 
tint  the  higher  etibinm  organo-radicals  exist.  A  better  method  for 
ttcir  isoktion  however,  is  still  a  desideratum. 

JfiparatuB/offfenerid/ractional  DUtUUUion  in  Carbonic  Add  Got. 

A.  InTerted 
bsU  1^  vith 


B.  Stand  with 
thick  vulcanized 
indian  ittblMr 
collar  £. 

C.  Circular 
table  viUkMoketo 
IbrboldingbottlM 
1,  2,  8,  &c. 

D.  Thick  glaea 
rod,  alidiug  air> 
tight  through  col- 
lar and  stand-by 
vbich  th«  table 
and  bottles  may 
be  rallied,  lowered, 
or    rotated  at 


F.  Quilled  ro. 
ceiver  and  retort. 

I.andK.  Tuhes 
for  entrance  and 
ssH  of  caibonis 
add  or  other  gaa, 
O.  Clamp  with 
forked    arm,  to 

aecore  the  bcU  to 
the  Hud,  and 
puM  Hm  teUe 

to  sotato  flooentrleally.  If  raqniied.  The  tab*  of  tlw  leoelm  najr  thus  be  Introdnoed 

Into  any  one  of  the  bottles. 

H.  Slate  corer,  whioh  naj  be  ground  to  fit  lip  of  the  bell,  or  dmplj  lotod  to 
it  vith  linseed. 
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In  endeaTooring  to  prepare  perfectly  bright  specimens  of  todiiim 
aod  potassium,  I  have  succeeded  in  obtaining  laige  crystaU  of 
both  metaU*  I  will  briefly  describe  the  method  now  employed. 

A  piece  of  the  best  oombuBtion 
tnbe  about  2^  feet  in  length,  and 
|-inch  in  bor^  is  sealed  np  at  one 
end,  and  contracted  before  the  bloww 
pipe  at  about  one-third  of  its  length 
from  the  sealed  end  (fig.  1).  A 
glass  funnel  with  a  wide  rim  (fij;.  2) 
is  then  prepared  so  as  to  fit  into  the 
tube  as  reprcsciited,  care  being  taken 
that  the  funnel  fits  at  the  rim  alone. 
Into  the  filter  is  introduced  a  piece 
of  wire  gauze,  in  which  a  small  hole 
has  been  cut  at  a  (fig  2).  Tlie 
sodium  (or  potassium)  is  now  intro- 
duced into  the  upper  part  of  the 
tube  m  fragments  which  have  been 
freed  from  all  adhering  oxide,  and 
especially  from  rock-oil,  by  cutting 
the  metal  clean  with  a  knife.  Before 
introduiing  the  metal,  the  tube  is 
filled  with  coal-gas  which  has  been 
dried  and  partly  purified  by  passing 
throngh  oil  of  ritriol.  f*or  this 
purpose,  fhe  deltTery  tube  is  passed  throngh  the  tube  b,  which  is 
fitted  with  a  cork  into  the  larger  tube. 

After  the  introduction  of  the  metal,  the  gas  is  stUl  passed  into 
the  tube ;  the  delivery  tnbe  is  then  drawn  out  and  the  tube  b  is 
lightly  corked.  The  huge  tube  is  now  drawn  out  and  sealed 
before  the  blowpipe  at  c,  care  being  taken  to  avoid  inciting  the 
metal,  lest  it  sbouUl  attack  the  glass  and  render  it  brittle.  The 
metal  is  next  fused  in  the  upper  part  of  the  tube,  and  partially 
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poured  off  from  the  oiide,  so  as  to  present  a  bright  sarfkde  for  the 
abaorptioii  of  any  oxjgen  there  may  be  in  the  tube.  The  whole  is 
then  allowed  to  stand  for  seyeral  days,  after  which  the  metal  is 
again  melted,  poured  through  the  filter  into  the  lower  portion  of 
the  tabe^  and  allowed  to  solidify.  The  tube  is  now  cautiously 
heated  at  so  as  to  detach  the  rim  of  the  filter^  which  will  then 
readily  fiUl  bark  to  the  top  of  the  tube  on  reyersing  its  pontion^ 
leavin^i^  a  perfectly  clean  surface  of  tube  of  al^out  3  inches.  The 
lower  tube  may  now  be  drawn  out  and  sealed  at  c. 

lu  this  mauuer  either  metal  may  be  obtained  without  the 
slightest  tarnish  or  oxidation.  In  order  to  crystallise  the  metal, 
it  is  fused  over  a  Bunsen's  lamp,  and  allowed  to  cool ;  as  soon  as 
the  solid  points  of  crystals  appear  on  the  surface,  the  liquid  portion 
is  poured  off  by  suddenly  inclining  the  tube.  Specimens  prepared 
in  this  manner  18  months  ago,  still  retain  their  lustre  unimpaired. 

Sodwim, — Sodium  presenting  a  perfectly  clean  metallic  surface^ 
is  not  silver-white^  but  is  of  a  most  beautiful  rose  colour.  The 
colour  is  best  seen  when  a  ray  of  light  falling  upon  a  surface  of  the 
metal  is  redacted  back  from  a  second  surface  of  sodium,  and  again 
reflected  from  the  first,  so  that  more  of  the  light  of  the  primitive 
ray  is  decomposed  than  by  direct  reflection,  since  the  great  number 
of  undeoompoaed  reflected  rays  entirely  masks  the  small  number 
of  pink  rays,  as  is  the  case  with  silver,  which  is  really  yellow  and 
not  white.  The  pink  colour  of  sodium  is  brought  out  more 
strongly  by  contrasting  the  metal  with  bright  potassium,  which 
haa  a  greenish-blue  tinge. 

Sodium  is  obtained  in  large  oetahedra  by  crystalHsation.  It 
does  not  crystallise  in  the  regular  system,  but  most  probably  in 
the  qnadratie  system.  As  it  is  impossible  to  measure  the  crystals 
by  rcHection,  o^viug  partly  to  tlicir  being  enclosed  in  a  ^las^s  tube, 
but  chiefly  to  the  irregularity  of  the  faces  which  are  always  striated 
in  a  direction  at  right  angles  to  the  major  axis,  I  was  only  able 
to  measnre  the  facial  angles  by  using  a  narrow  tube  provided  with 
an  are,  and  across  which  a  fine  hair  was  stretched.  1  Jnfortnnately 
I  have  not  obtained  any  crystals  with  the  base-anj^lcs  well  defiued. 
The  following  are  measurements  of  the  angle  of  the  apex 


Aogkof  apex. 


1 


2 


8 


Crystal  I.    face  a 
face  b 


Crystal  II. 


49^-8 
50°-5 
4^5 


50°0 
50°0 
50°0 


50^-5 
49°'5 
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Foiassium. — Has  a  greenish  or  greenish  blue  tint.  The  beauti- 
ful green  colour  of  the  vapour  may  be  observed  by  volatilizing  a 
small  portion  of  the  metal  in  a  sealed  tube  contaiuing  no  oxygen. 
It  is  much  more  crystalline  metal  than  sodium,  but  is  more 
difficult  to  obtain  in  good  crystals,  since  it  passes^  almost  imme- 
diately from  the  liqnid  to  a  pasty  state.  The  crystals  present  an 
almost  smooth  metallic  ajipcarance  for  a  few  moments  alter  the 
liquid  metal  bas  been  poured  off.  Suddenly  they  assume  the 
appearance  of  frosted  silver,  a  network  of  minute  lines  darting  out 
in  cveiy  direction.  For  tbis  reason,  they  disperse  light  much  more 
than  sodium  crystals,  whereby  the  real  colour  of  the  metal  ii 
effectually  masked. 

Potassium  eryatallises  in  obtuse  octahedra  bdonging  to  the 
quadratic  system.  The  following  are  the  meaanrements  of  the 
three  facial  angles  of  one  of  the  crystals.  In  crystal  II,  I  vaa 
only  aUe  to  measnie  one  of  the  an^^  of  the  haae 


Ciyatal  L  Angles  of  base 

Angle  of  apex 


1 

8 

a  52°0 

52*»0 

52''0 

52"-0 

52^-0 

52°0 

76°-8 

76"0 

1  2 

8 

4 

62^0  bV'& 

6r-8 

5r-8 

XIV.— 0»  Zinc-methyl.'^ 
By  J.  A.  Wanklvn,  iMl.S.E., 

KIMVSBXJU90B  Of  flBmnnKT  U  fBl  mnVlBllR  OV  MmiBUBlML 

Zinc-methyl  was  discovered  rather  more  than  ten  years  ago  by 
Frankland.  It  was  then  obtained  nearly  pure,  but  ia  quantity 
so  small,  that  many  of  its  leading  physieal  properties,  including 
its  vapour-dcnsity,  specific  gravity,  and  boiling  point,  weie  not 
determined.  More  recently,  the  subject  has  again  been  f^lffn 
up  by  the  same  chemist,  who  this  time  operated  upon  several 
pounds  of  materials,  and  under  conditions  widely  differing  ficom 
those  of  his  former  experiments* 

*  An  abstract  of  tiiia  paper  wsa  r«ad  before  the  Bojal  Society  of  Ediubui^ii,  ^ 
April  Snd,  1860. 
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The  littor  inmtigatioii  has,  however,  not  been  ao  niooeflafiil  as 

the  former,  inasmuch  as  it  has  given  no  pure  zinc-methyl,  having 
iuiitead  disclosed  p(  culiar  and  unlooked-for  diiJicultiea  in  the 
preparation  ot  that  com  pound. 

When  zinc  and  iodide  of  methyl  are  heated  together  in  closed 
tabes^  the  following  reactions  take  place : — 

(1)  .       .    Zuj  +  C2H3I  =  Znl.ZnCJI^ 

(2)  .      .   Zd,  +  2CjH3l=  2ZnI  +  CaHj.CjHj. 

At  moderate  temperatures,  the  former  reaction  predominates ; 
at  higher  temperatures,  the  latter.  When  only  iodide  of  methyl 
and  zinc  are  employed^  and  no  ether  is  nsed^  it  is  impossibie  to 
obtain  complete  daeon^sition  of  the  iodide  without  at  the  tame 
time  obtaining  macli  gat.  This  oircnmstuioe  renders  it  imprac- 
ticable to  prepare  mvch  Bine»methyl  by  this  method,  as  the  high 
preaame  of  the  g«ierated  gas  neoemitates  the  employment  of  very 
small  tabes.  The  copper  digester,  wbidi  Frank  land  employs 
for  the  manofiietare  of  this  class  of  snbstanoes  cannot  be  made 
to  z^laee  the  small  glass  tabes.  Prankland  has  foond  that 
when  the  materials  are  heated  in  the  copper  digester,  no  pure 
zinc-methyl  can  be  obtained. 

A  mixture  of  ether  with  iodide  of  methyl  is  easily  converted 
into  iodide  of  zinc  and  ethereal  solution  of  zinc-metlivl.  Here, 
howcTer,  a  fresh  difficulty  arises.  Fractional  distillation  does  not 
avail  to  separate  ether  from  zinc-methyl.  And  so  pertinaciously 
do  these  two  liquids  cling  to  one  another,  that  it  is  even  a  matter 
of  doubt,  whether  a  chemical  compound  does  not  exist  between 
them. 

To  this  point  our  knowledge  was  advanced  by  the  pablication 
of  Frank  land's  paper*  last  year. 

My  attention  was  drawn  to  this  subject,  in  the  course  of  my 
investigation  of  the  compounds  formed  by  methyl  with  the 
alkali-metals.  These  compounds  are  prepared  by  acting  npon 
xinc-methyl  with  the  alkali-metals.  At  first  I  employed  tiie 
eolation  of  rac-methyl  in  ether,  but  I  found  the  ether  to  be  a 
yfoj  tnmblesome  oomplioation,  and  therefore  was  led  to  enqaire 
wrhether  it  were  really  impossible  to  obtain  sino-methyl  in  a  state 
of  pority  and  at  the  same  time  in  considerable  qoantity. 

*Aiui.  Ch.  Pbarm.  ext.,  62 ;  also  Bakerian  Lecture,  1859. 
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Durinj]^  my  experiments,  I  observed  tlie  fact  that  a  strong 
ethereal  solution  of  zinc-methyl,  eqnally  with  ctlier,  renders  the 
decomposition  of  iodide  of  methyl  by  zinc  easy  and  comparatively 
unaccompanied  by  the  evolution  of  free  methyl.  Thereupon 
I  tried  a  stronger  solution  of  ziiK-inethyl  and  found  it  also 
effectual.  A  still  stronger  sohuiou  was  also  sucfcssful,  and  it 
seemed  that  even  pure  ziuc-mcthyl  itself  possessed  the  same 
property.  Here,  then,  was  an  available  method  of  making  pure 
zinc-methyl.  Strong  ethereal  aolutioa  of  that  compound  was 
first  prepared.  The  strong  ethereal  tolation  was  next  mixed 
with  iodide  of  methyl  and  sealed  up  with  sine;  then,  aflter 
digestion  in  the  water- bathj  distilled.  In  thia  manner,  a  stioiiger 
■oiution  of  liuc^methyl  was  prepared.  By  repeating  the  process, 
a  tafficient  namber  of  timea,  the  amount  of  ether  originally  taken 
was  made  to  hear  a  very  trifling  ratio  to  the  ultimate  product; 
and  indeed  could  he  made  to  vanish  altogether. 

In  eridence  of  the  practicahilitj  of  the  plan  just  proposed, 
I  may  mention,  that  the  product  from  a  single  tube,  which  had 
undergone  four  sucoessiTe  digestions,  amounted  to  about  half  an 
ounce,  and  proyed  to  be  sinc-methyl  as  pure  as  the  gramme  or 
two  obtained  by  Frankland  ten  years  ago. 

Before  giving  the  analysis  of  this  sample,  I  will  just  men- 
tion a  few  paiticulars  connecttd  with  its  prc])Hration,  which 
may  be  interesting  to  any  one  who  may  desire  to  prepare  the 
compound. 

The  dif^estions  were  all  made  in  the  water-bath,  the  substance 
being  always  contained  in  glass  tubes.  In  order  that  an  ounce 
or  two  of  iodide  of  methyl  might  be,  with  safety,  heated  in  a 
sinj^lc  tube,  the  precaution  was  tnken  of  ojioniiif^  the  tube  several 
times  in  the  course  of  the  digestion.  IJy  tliis  means,  a  dangerous 
accuuiulatioii  of  liydro-oarbon  jias  was  avoided.  The  distillation, 
of  the  zinc-methyl  was  made  OYcr  the  naked  flame.  Finally, 
previously  to  the  la^t  distillation,  a  digestion  with  metaliio-sinc, 
without  any  fresh  iodide  of  methyl,  was  made. 

I  may  also  mention  that  iodide  of  sine  forms  with  zinomethyl^ 
a  crystalline  compound  of  great  beauty  and  very  different  in 
appearance  from  the  crystalline  compound  between  iodide  of  sine 
and  zinc-ethyl.  This  compound,  containing  probably  one 
equiTslent  of  linc-methyl  combined  with  one  equivalent  of  iodide 
of  zinc,  I  regard  ai  the  representative  of  the  ao-called  iodide  of 
mercury-methyl  obtained  by  Frankland. 
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Double  mercury  compomid. 


Hg, 


Fbeniig  on  to  the  pfopertiet  of  tbe  lialf*oiiiioe  of  siii&>methyl, 
wlioae  preparation  I  have  juat  descrihed  :^It  was  highly  inflam* 
mable  and  acted  upon  water  with  ezplottve  violence,  agreeing 
with  Frankland's  description  of  that  compoand.  In  one 
particolar,  however,  our  oheervations  do  not  accord  with  one 
another.  The  poisonous  nature  of  the  fiimea^  their  action  upon 
the  nervous  system,  which  Frankland  mentions,*  I  have  not 
heen  able  to  verify.  I  have  distilled  zinc-methyl  more  than  a  doien 
times,  and  been  much  exposed  to  its  fumes,  and  still  have  not 
been  able  to  mark  any  particular  eflGect  upon  myselt 

In  addition  to  the  properties  detailed  by  Frankland,  I  have 
to  record  that  sino-methyl  in  a  state  of  purity,  is  Tciy  per- 
manent. If  carefully  excluded  from  the  atmosphere,  it  will  bear 
without  deoompointion  a  temperature  bf  at  least  200^  C. 
^4  At  about  27(r  C.  it  begins  to  be  reduced  to  metallic  sine  and 
hydro-carbon  gases. 

I  have  made  an  analysis  of  the  sample  of  sino-methyl  with  the 
following  results  t-^ 

I.  *1134  grra.  of  the  liquid  were  passed  up  into  a  graduated 
tube  standing  in  the  pneumatic  trough  and  filled  with  water. 
Hydride  of  methyl  was  evolved,  messnring  46*77  cubie- 
eentimeters  (dry)  at  760  m.m.  pressure  and  (f  C.  This  equals 
-084896  grm.  by  weight: — 


II.  *1172  grm.  similarly  treated  gave  -0861  grm.  of  hydride 
of  methyl  or  80*83  per  cent. 

The  theoretical  percentage  of  hydride  of  methyl,  which  pure 
sinc-methyl  should  give  on  treatment  with  water  equals  33  51. 

These  results  do  not  depart  fiom  the  theoretical  quantity 
fiirther  than  that  which  Frankland  published  ten  years  ago. 
His  percentage  of  hydride  of  methyl  was  29*91. 

In  estimating  the  value  of  these  determinations,  it  should  be 
borne  in  mind  that  the  quantity  of  hydride  of  methyl  obtained 
represents  its  equivalent  of  unoxidised  sinc-methyl.  The  slightest 
oxidaticm  tells  enormously  upon  the  analysis;  for  not  only  does 


Hydride  of  methyl  per  cent.  sSO* 77. 


•  im.  Ch.  Fhann.  Izzi.,  page 
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the  oxygen  lower  the  percentage  of  methyl  by  its  presence^  but  by 
oombiniog  with  a  certain  amount  of  zinc-methyl^  it  still  furthear 

lowers  the  percentage  of  methyl  which  can  decompose  water. 

The  great  violence  of  the  reaction  between  ziiic-methyl  and 
water  is  also  a  source  of  loss,  especially  \s  heii  water  and  not 
mercury  is  the  confining  fluid,  as  was  the  case  in  both 
Frankland'a  analysis  and  my  own. 

A  determinatiou  of  the  vapour* density  by  Gay  Lussac's  method 
was  also  made.  '1163  grm.  of  zinc- mothyl  were  employed.  The 
temperature  to  which  the  vapour  was  exposed  was  100''  C ;  the  boil- 
ing point  of  the  compound  lying  between  50°  C  and  60^  C.  The  ex* 
periment  gave  ^'291  m  the  yapour  density  of  zinc-methyl.  If,  as 
seems  likely,  the  eondensation  of  this  compound  Ls  analogous  to  that 
of  its  ethyl  representatiTe,  the  theoretical  tapour^enaity  is  8*299| 
a  number  which  is  nearly  identical  with  that  found  by  experiment. 

The  aoonxate  determination  of  its  boiling  point,  and  also  of  the 
Bpeoifio  gravity  in  the  liquid  state,  I  hope  shcorUy  to  have  an 
opportonity  of  making,  as  I  expect  at  no  veiy  distant  period  to 
be  in  possession  of  aevcaral  ounces  of  pure  zino-methyL 

I  cannot  eonelude  this  paper  without  ealling  attentioa  to  the 
veiy  remarkable  atate  of  condensation,  disdloaed  by  examinatloii 
of  the  vapour«>deniities  of  sme-ethyl,  aine-methyl,  mercury-ethyl, 
mercury-methyl,  and  indeed  of  all  the  so-called  organo-metallie 
bodies  so  far  as  has  yet  been  investigated. 

It  has  been  said,  the  metals  are  the  strict  representatives  of 
hydrogen ;  and  yet,  in  not  a  single  compound  of  a  metal  with 
a  hydro-carbon  radical,  has  the  metal  been  found  in  the  state  of 
condensation  of  hydroiren.  If  wc  write  the  formulae  of  equal 
volumes  of  several  of  these  bodies,  we  arrive  at  the  following 
expressions : — 

Zi]i04iMUi7L  Qne-edqrt  XereoiT-meiliyl  Kereoiy-eCliyl 


Distann-methyL 


Distann-ethyl, 


Writing  also  the  formuhe  of  equal  volumes  of  the  hydrogen  and 
oxygen  terms  for  comparison  with  the  fiicnier 
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Inspection  of  the  above  shows  that,  considered  as  to  the  state 
of  condensation  in  Lhtu  hydro-carbon  compounds,  the  metals  do 
not  represent  hydrogen:  mercury  and  zinc  represent  oxygen. 

Nor  18  this  peculiarity  confined  to  the  organic  case.  Deville 
and  others  have  recently  tiikcn  the  vapour-density  of  various 
metallic  chlorides  and  liavc  found  that  these  likewise  arc  present 
in  ft  more  condensed  form  than  their  hydrogen  representative. 

Whereas  the  fprmula  of  hydrochloric  a^d  is  q>-  ,  the  formula  vf 

M  )       "VT  > 

an  e<|u^  volume  of  metallic  chloride  ifi        or  ^j^j-  &;c. 


XY. — On  some  derivatives  from  the  Oiejines, 

By  Fredebick  Guthrib*  • 
in. 

Th>  intxoduction  of  nitroxine*  into  organic  bodies,  and  the  forma- 
tion of  the  so-called  nitio-oompounds^  haa  been  hitherto  efSeetoA, 
with  apparently  a  sin^e  exoeptiont  by  the  action,  of  nitric  acid, 
diher  alone  or  in  prewnoe  of  snlphnric  add.'  The  reason  of  this  is 
obvious  :-r*ttch  introduction  has,  in  every  t»se, 'consisted  in  the 
replacement  hydroKen  by  nitrozine.  Thb  nitfic  add  offers  its 
fifth  Btom  of  oxygen  to  the  hydrogen  beu%  refAaced,  while,  the 
nitroxine  replaces  it.  Such  replacement  iy*  of  course  double 
xeoomposition  expresssed  generally  by  the  equation, 

and  is  quite  parallel  to  the  reaction  attending  the  formation  of 

*Tt  will  be  fonnA  eonvenieiit  to  oill  KO4  nitroxbte,  a  compact  term,  recalling 
the  analogy  which  thin  moU'citlc  hcar.-^  to  cUwine,  iodine,  ete.  t  Accordingly  tlM 
nitrites,  MONO,,  will  be  nitroxides  MNO4  as  has  been  8omclime«  proposed . 

Fiutlier  regarding  thtt  nomenclature,  as  with  the  chlorides,  C^l^jCl,  is  bichior- 
^flfo^t  C4H40]t  btfshloride  of  ethylene,  etc.: — So  with  the  iiSliroziaee: 

CjpHyNO^,  Niiroxinaptlialinc 

]oH|..2N04,  Binitroxide  of  Amylone,  etc. 

t  ?>cp  below ;  nitroxinapthaline. 

VUL.  XIII.  K 


130 


OUTHSIS  ON  80KB  DiOUVATIYSB 


the  chlorine  substitutioii  derivatives  obtained  by  Hie  action  of 
chlorine^ 

C,. . .  .H,  +  jp(Cl  CI)  =  C„. . .  .H..pCl  +  pRCl 

and  probably  also  to  that  which  occurs  when  chlorine  is  introduced 
means  of  hypochlorous  acid. 

The  formation  of  binitroxide  of  amylene,  CioHiq.2NO^,  bj  the 
action  of  nitric  acid  upon  amylene,*  immediately  suggested  the 
question : — May  the  olefiues  whose  privilege  it  is  to  combine 
directly  with  two  atoms  of  the  halogens,  without  elimination  of 
bydracids,  boliavc  in  a  similar  manner  towards  iiitroxinc  ? 

If  nitroxine,  prepared  by  heating  anhydrous  nitrate  of  lead,  be 
passed  throagh  an  empty  bottle  and  then  into  a  flask  containing 
amyleney  the  gas  is  instantly  absorbed  and  the  amylene  gradually 
becomes  converted  into  a  pasty  mass  of  minute  crystals.  To 
amid  losSj  the  flask  containing  the  amylene  should  be  sorfounded 
by  a  freezing  mixture.  The  product  is  thrown  upon  a  filter, 
washed  with  cold  alcohol  in  order  to  remoye  an  oily  liquid  which 
acoompaoies  the  ciystals^  then  xecryataUised  from  bailing  ether^ 
and  dried  in  vacuo  over  sulphuric  add. 

.1.  0*2682  grm.  gave  0*3664  grm.  carbonic  acid  and  0  1572  water. 
II.  0-2290  grm,  gave  32*3  cc.  of  nitrogen  at  760  mm.  and  0^  C 
which  gives. 


I.  n. 


.  37.09 

87-26 

99 

•  618 

M 

17-66 

o.  . 

99 

9* 

This  substance  is  therefore  the  binitroxide  of  amylene  CjqH,,,. 
2NO4  and  is  identical  with  the  crystalline  body  obtained  by  the 
action  of  nitric  acid  upon  amylene  (see  II).  It  is  curious  as  being 
lihe  only  known  nitroxine-isotype  of  Dutch  liquid,  but  more 
lemarkabley  in  this  latter  manner  of  its  formation,  as  furnishing 
only  inateBpe  in  oiganic  ohemistry  of  the  bdiavioor  of  free 
nitroziiie  as  a  halogen  without  the  ellniination  of  hydiogen* 
Biatroiide  of  amyUme  is  but  slightly  aoluhle  in  odd,  but  leadily 
in  boiliBg  alcohol ;  it  dissolvea  in  ether  and  in  bisulphide  of  carbon 

♦See  II. 
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but  is  pertedy  iaedhibte  in  irater*   It  eryvtaUises  m  MtOX 
«Qd  roctuigular>  colonrien,  tmnpuent  pUtes. 

Heated  by  itself  in  a  dry  tube,  binititMada  of  amylene  decom- 
poses exactly  at  9Sf*  C,  giving  rise  to  a  gaa  and  to  a  liquid  heavier 
than  water.  The  decomposition  cf  a  portion  having  been  effected 
in  a  very  strong  seated  tube  by  heating  to  lOCP  C.,  the  tube  on 
opening  gave  off  much  gas,  which  reddened  moist  litmus  piqper. 
Another  portion  was  treated  in  the  same  way  in  presence  of 
water*  After  opening  the  tube^  nentraliang  the  add  water  with 
ammonia,  filtering,  and  evaporatiAg  to  dryness  on  a  water  bath,  a 
residue  was  obtained,  whidi  gave  off  nitrogen  on  being  heated. 
Accordingly,  the  gas  evolved  from  the  binitroxide  of  amylene  was 
nitrous  acid,  "^iO^  or  nitro^ydric  acid  HNO^. 

Tbe  next  point  was  to  determine  the  nature  of  the  liquid 
product,  the  supplemental^  fiustor  to  binitroxide  cf  amylene,  which 
appears  in  the  preparation  of  that  body^ 

The  filtrate  and  alcoholic  washings  from  binitroxide  of  amylene, 
after  evaporation  for  some  hours  on  a  water  bath,  washing  with 
water  and  drying,  yielded  an  amber-coloured  transparent  liquid, 
heavier  than  water  and  immiscible  with  it. 

Neither  this  liquid  nor  the  binitroxide  of  amylene  underwent 
any  change  on  being  Xej^  for  several  cMiys  ya.  sa  atmosphere  tit 
nitroxine. 

On  analysing  the  liquid : 

0-2586  grm.  gave  0*8882  grm.  of  carbonic  apid  and  0*17lt 
water. 

The  snbstance  whose  composition  rorresponda  most  closely  with 
these  numbers,  is  a  mixture  of  equivalent  quantities  of  biniM 
troxide  of  amylene  with  nitrate  oi  amy^. 

C,JI,o.2NO, 

C  .  .  40.67  -iO-OA 
H   .    .        7.12  737 

Althougli  the  presence  of  amyl  would  point  to  the  disintegration 
of  another  molecule  of  amylene,  the  above  given  composition  of 
this  mixture  is  rendered  probable  on  the  following  grounds: — On 
heating  to  95°  C.,*  it  undergoes  decomposition,  whereupon  the 
temperature  rises  spontaneously  to  170''  C,  and  the  greater 

*  Ideatioa  with  thai    tihieh  CwHm,3K04  is  dceompoud 
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qaantity'of  tlie  liquid  passes  over.  On  rectifying,  a  portion  was 
obtained  which  boiled  almost  conatantily  at        C,   ck  this, 

0*2268  grm.  gave  0*8860  grm.  carbonic  acid  and  0*1712  grm. 

* 

FooAd. 

C  .  .  45*11  46*40 
H  .    .       8.27  8.40 

On  boiling  a  portion  of  this  distillate  with  an  alcoholic  solution 
of  caustic  potash,  nitrate  of  potash  was  fc^rmcfl.  The  original 
liquid  also  gave  rise  to  mtra^e  of  potash  under  the  same 
circura  stall  CCS. 

Nitrate  of  amyl  also  appears  among  the  liquid  products  formed 
when  hinitroxide  of  amvlene  is  heated  bv  itself. 

Heated  with  quick  lime,  binitroxide  of  amylcuc  gives  rise  to  an 
aromatic  body,  diitehug  from  valeral  and  probable  amylenic  ether 

The  actions  of  sulphide  of  ammonium,  nascent  hydrogen,  and 
other  reducers,  upon  binitroxide  of  amyiene,  will  be  well  worthy 

of  study. 

As  yet,  my  attempts  to  combine  nitroxine  with  ethylene  have 

not  been  suocossful. 

Neither  protoxide  nor  binoxide  of  nitrogen  has  any  action  upon 
amylenc.  The  affinity  of  amvlene  for  nitroxine  is  so  great  that 
by  means  of  this  hydrocarbon,  a  very  small  trace  of  nitroxine 
may  be  dctrctcd  in  the  above  named  nitrogcn-oxidea.  Thus  if 
amylonc  be  added  through  a  funnel  tube  to  a  flask  containing  oo])per 
and  nitric  acid  which  is  kept  quite  cold  and  from  whieli  the 
evolved  gas  has  expelled  the  air,  crystals  of  binitroxide  of  amyiene 
arc  continuously  though  j^lowly  formed  ;  but  if  tlie  biuDxidc  of 
nitrogen  be  first  absorl)cd  by  protosulpiuitc  of  iron  and  tlien 
expelled  thence  by  heat*  and  made  to  pa«s  through  amyiene  in  an 
apparatus  from  which  a  current  of  carbonic  acid  has  expelled  the 
air,  no  change  occurs.  -  • 

NUroieifUipthalin,  (Nitronapthalin.) 

The  laborioQs  reseaehes  of  Lanrentf  and  others  haye  long  since 
established  the  claim  of  napthalin  to  be  an  olefine.  It  combines 
directly  with  chlorine  to  form  bichloride  of  napthalin  C^U^Cl^ 
and  although  it  may  unite  with  fonr  atoms  of  halogen  as  in  the 

*  Buns  en's  Gagom*-J^ry.   Engl.  Ed,  p.  61. 
t  Aaa.  CJb.  Phjt., 
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quadrichloride  C^H8Cl4,  in  the  terchloro  bromide  CaQHgCljBr,  and 
in  their  numerous  idiotypes, 

CjoHgCl^Cl^  quadrichloride  of  bichloniapthalin. 

C^QH^Br^Cl^  quadrichloride  of  bibronapthalin^ 
etc.  etc. 

yet,  as  we  have  already  seen  in  examining  the  behaviour  of 
ethylene  and  amylene  towards  chloride  of  sulphur,  and  as  we  shall 
abundantly  see  in  the  sequel,  this  assumptiou  of  four  haloid  atoms 
is  quite  consistent  with  the  nature  of  the  olcfines  isotypic  with 
ethylene.  Like  ethylene,  napthaliu  combines  with  anhydrous 
as  well  as  with  hydrated  sulphuric  acid,  and  finally  in  napthalaminc 
C^oIIgPIN  we  find  it  still  preserving  the  biatoraic  character  of  an 
olefine,  taking  the  place  of  two  atoms  of  hydrogen. 

Laurent's  examination  of  the  action  of  nitric  acid  on  napthaline 
resulted  principally  in  the  discovery  of  three  nitroxine-replacemeut 
derivatiTet,  idiotypic  not  with  the  bichloride  of  napthalinj  bat 
with  napthaUn  itself. 

Nitroxinapthalin  *       •      .  C2oH7(N04) 
Binitroxinapthalin       ,       ;  C2oHg(N04)2 
Trioitroxinapthalin      •      «  ^9o^s(^Qt)s 
Bearing  in  mind^  on  the  one  hand,  the  analogy  whidh  these 
bodies  have  to  the  chloriue-idiotypes  of  ethylene,  and  on  the  other^ 
the  above  described  direct  union  of  amylene  with  nitroxine,  we 
might  i  priori  expect  to  obtain  nitroxide  of  napthalin  or 
binitrozide  of  napthalin  by  the  action  of  nitroxine  on  napthalin. 
So  that,  although  Laurent  gives  this  reaction  as  a  method  of 
preparing  nitroxinapthalin,  yet,  as  no  analysis  appears  to  have 
been  made  of  the  body  so  prodn^,  I  thought  it  worth  while  to 
oomfirm  Laurent's  expmment« 

If  napthalin  be  thrown  into  a  flask  containing  an  excess  of 
nitroxine,  considenible  heftt  is  developed,  scanty  white  fames  are 
formed,  which  quickly  subside,  and  an  oily  liquid  results  which 
solidifies  on  cooling.  To  ensure  complete  reaction,  the  flask  is  corked 
with  an  excess  of  nitroxine,  and  the  product  is  repeatedly*  shaken 
and  melted.  After  re-fhsion  under  water,  drying,  and  recrystallisa- 
tion  from  ether,  a  product  was  obtained  which  gave  on  analysis 
0-4202  grra.  gave  I  0707  grm.  COj  aud  O  l.'iOO  grm.  water. 

CaoII^CMOJ  Fouud. 
C    .    .    69-80  69-19 
*    H  .    .     4  05  4-20 
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The  substance  formed  is  therefore  undoubtedly  nitroxinapthalin. 
We  accordingly  find  that  nitroxine,  in  its  Ijehaviour  towards 
napthalin,  more  closely  resembles  bromine  than  chlorine;  for 
while  tlic  former  givc«  brouionapthaUo^  the  latter  fj^YCS  bichloride 
of  napthalin^ 

C^ioHg  +  Sffii^  w  C^oHyBr  ^  HBr 
C^jHg  +  2N04»  CaoH^NO,  +  HNO„ 

Although,  as  before  shown,*  ethylene  and  bisolpliide  of  eUoriiM 
are  without  appreciable  action  on  one  another  under  ordinary 
circumstances  of  tem{)erature,  etc.,  and  although  a  temperature 
of  139°  C,  effects  a  disintegration  of  the  ethylenc-moleciUet. 

I  have  again  sought  to  unite  the  two  directly,  because  the  result- 
ing body,  if  it  resemble  its  amylene-isotype,  would  give  rise  to  a 
highly  important  series  of  derivatives. :J:  If  bichloride  of  sulphur 
"be  exposed  in  a  stoppered  ])ottle  in  an  atmosphere  of  dry  ctbylene 
to  direct  sunlight,  the  two  unite  slowly  but  almost  completely^ 
hydrochloric  acid  however  being  liberated. 

If  a  few  grammes  of  bisulphide  of  chlorine  be  placed  in  a  well- 
stoppered  bottle  which  is  then  filled  by  displacement  with  ethylene^ 
the  waxed  stopper  inserted  and  covered  with  sheet-caoutchouc, 
and  the  whole  be  completely  immersed  for  twenty  hours  in  boiling 
waiter,  very  complete  absorption  is  found  to  have  taken  place  on 
opening  the  bottle,  while  only  a  trace  oC  hydrochloric  add 
is  formed.  The  bottle  may  be  then  refilled  with  ethylene  and  the 
same  operation  repeated  three  or  four  times.  The  resulting 
product  is  then  shaken  up  with  warm  water^  dried,  digested  with 
edier,  filtered^  evaporated  in  vacuo  till  the  ether  is  expdkd, 
dissolved  again  in  a  minimum  of  ether  filtered,  and  evaporated 
In  vacuo. 

grm.  gnn.  grm. 

T.  0-3058  gaxre  0-2908  carbduo-add  and  0-1184  water. 
II.  0-2197   „    0-2356  water. 
1 1 1 .  a- 1 798       0*2«38  cldoride  of  silver. 
.IV.  0  9829       0*6934  sulphate  of  baryta. 

*  Niemann.  Ann.  Ch.  Pharm.  cxiii.  8;  F.  Oathrie,  tftuH 

+  (  hrm.  Soc.  Qu.  J.  Marcl^  1860, 
%  bee  Aicmuk  iv. 
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I. 

Ik 

lU. 

IV. 

C  =  2513 

25-93 

jtf 

Hs  4-19 

s  =  da-61 

dmn  87*17 

8&'29 

4* 

100-00  100*01 

This  sabstaDce  is,  according  to  the  previously  adopted 
nomenclature,  the  bisulphochloride  of  etkyleae,  C4H4.S2CL 

Bisulphochloride  of  ethylene  has  ft  not  unpleasant  bat 
indescribable  smell;  its  taste  is  intensely  sweet  and  pungent. 
Like  the  bichlorosolpbide  of  ethylene,  its  annoying  effect  upon 
ihe  eyetida  is  yery  enduring;*  Its  colour  is  a  pale  yeUov;  specific 
grafity  1*846  at  19  C.^  Like  the  previously  described  chlor-sulphur 
compounds  of  the  definee^  it  is  decomposed  by  heat  and  gives  off 
aa  insupportable  smelL 

Li  the  sfSEt  oommiuiiflationj  I  shall  describe  tin  action  of 
anhydrous  and  hydrafted  oiides  upon  this  substance,  and  tiie 
behaviour  of  it  and  its  isotype,  bisulphochloride  of  amylene,  upon 
some  of  the  metal-radicles. 


XYI.-~CMiiiMi0it  UnomriM  the  hktmy  af  OmnamU  Acid. 

By  Daviu  H<owA&n»  . 

KovwiTBsvAMiMHo  the  eocpeiinienta  of  Gerhardt  and  Cahours^ 
andtfaesobsequentieseavchesof  Blyth  and  Hofmann,  the  history 
of  dnnaiBol  and  its  dsrivaliffs  is  6r  firom  being  complete,  lb 
fill  up  some  of  the  gaps  still  existing^  I  engaged  in  some  experi- 
ments upon  this  interesting  group  of  substances.  In  the  prosecu- 
tion of  my  enquiry,  I  had  an  opportunity  of  observing  some  fiusts^ 
which  I  beg  to  hiy  before  the  Chemical  Society. 

Liquid  stonu.  treated  in  the  usual  way  afforded  the  crude 

•  A  drop  placed  beneath  Uie  tou^e  daitroyg  tha  e^anaia  aad  cauaea  a  eonomi 
iniich  lasta  mAny  days. 
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Gumainie  add  fbr  the  experiments.  For  the  purpoee  of  purify- 
ing it,  I  adopted  the  plan  recommended  by  some  chemists,  of 

Bubmitting  the  crude  product  to  careful  distillation.  To  my 
surprise,  a  larjjje  portion  of  the  distillate  came  over  in  the  form  of 
a  periuaiient  liquid.  The  smaller  portion,  which  solidified  ou 
cooling',  was  purified  by  crystallisation  and  converted  into  a  silver 
salt.    The  silver  determination  gave  the  following  result : 

*2090  gnn.  of  the  silver-salt  left  on  ignition 
*00850  grm.  a  4748  per  oent  of  metalUc  sOver. 

The  percentage  of  silver  in  benzoate  of  silver  being  47*16,  it 
was  obyious  that  the  solid  distillate  consisted  of  benzoic  instead 
of  cinnamic  acid.  To  find  whether  this  benzoic  acid  was  present 
in  the  original  crude  acid,  or  whether  it  had  been  formed  by  the 
destruction  of  cinnamic  acid,  a  portion  of  the  crude  acid  was 
leaystaUized  and  converted  into  a  silver-salt* 

•5735  grm.  of  this  salt  left  on  ignition 

*2500  grm^  of  metaliic  silver  c=s  43*59  per  cent. 

42*87  being  the  percentage  of  silver  in  cinnamate  of  silver,  it 

could  not  be  doubted  that  the  crude  acid  employed  contained  au 
appreciable  admixture  of  Ix  i^zoic  acid.  It  was  therefore  further 
purified  by  solution  in  ulcoliol  and  crystallisation  by  spontaneous 
evaporation  of  the  solvent,  when  large  regular  crystals  were 
obtained,  whieh^  ou  analysis  of  a  new  silver-salt,  proved  to  be  pure 
cinnamic  acid. 

•6170  grm.  left  '2190  »  42'86  per  oent.  of  silver 
•6085  grm.  left  -2150  das  42*28  per  oent.  of  silver. 

These  numbers  coincide  with  the  theoretical  percentage  of 
cinnamate  of  silver. 

A  careful  distillation  of  this  pure  acid,  afforded,  toj^ctlier  with  a 
lar'^'(>  portion  of  an  oily  product,  a  small  quantity  of  an  acid  which 
solidified  in  the  neck  of  the  retort.  This  acid  was  converted  into 
a  silver-salt  and  in  this  form  submitted  to  analysis 

•2255  grm.  left  on  ignition  *0955  s  42*35  per  cent,  of  silver^ 
•2165  grm.  left  on  ignition  *0915  =  42*27  per  cent,  of  silver. 

The  distilled  acid  was  therefore  utidccompOBcd  cinnamic  acid. 
In  other  experiments  in  which  the  acid  was  s\i])mitted  to  a  still 
slower  distillation,  the  whole  of  it  was  entirely  decomposed  and 
converted  into  liquid  products  of  decomposition.  ' 
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ThM  it  troold  t^ppear  tbsfe  oiiuiaaiio  meid,  ocmtnty  to  the  itale- 
menti  of  moat  Manoals^  k  deoompoied  when  kept  at  a  boiling 
heai»  and  that  it  oan  onJy  be  distilled  even  partially  qnchanged> 
when  Yory  rapidly  heated^  eare  being  taken  to  canry  oyer  thft 
Tapour  as  qnickly  as  possible  by  keeping  the  upper  part  of  tho 
xetort  at  a  ?ery  high  temperature* 

In  order  to  &id  whether  cinnamic  aoid  woold  deomnpose  when* 
maintained  for  a  long  period  at  a  somewhat  lower  temperature^  a 
portion  of  the  acid  was  sealed  up  in  a  glass  tube,  and  heated  for 
se^  eral  hours  to  200°  C.  in  a  paraiiin  bath ;  no  change  however 
took  place. 

Anoiher  portion  was  similarly  heated  in  presence  of  water.  It 
remained  likewise  unchanged^  the  silver-salt  yielding  the  foUoMring 
percentage 

'4805  grm.  gate  *2040  «  42*45  per  cent,  of  silTer* 

The  fluid  which  is  formed  by  the  action  of  heat  upon  cinnamic 
acid,  proved  on  investigation  to  be  almost  pure  einnamol ;  the 
boilii]'^  ])oint  remained  constant  at  145°  C,  till  the  p^rcater  part 
of  the  liquid  had  passed  over,  when  the  temperature  rose  rapidly, 
leaving  in  the  retort  a  resinoid  mass  of  metacinnamol.  By  treat- 
ing the  liquid  with  bromine  the  characteristic  crystalline  dibromide 
of  einnamol  was  obtained ;  and  by  eiposing  a  portion  sealed  np  in 
a  tobe  to  200^^  it  was  entirely  converted  into  a  glassy  mass 
of  metacinnanioly  which  when  snbmitted  to  a  still  higher 
temperature,  was  xeconverted  into  cinnamoL 

llieae  pro^terties  identify  the  oily  product  of  deeompositioa  of 
cinnamic  aoid  with  einnamol,  or  what  is  the  same  thing,  with 
atyrol,  although  it  appears  that  the  tendenqr  to  pass  into  the  solid 
ecmdition  is  perhaps*  less  marked  in  this  liquid  than  in  styrol,  a 
£act  noticed  by  other  observers  in  dnnamcd  Ibnned  by  the  usual 
process.  When  yery  carefully  heated,  einnamol  obtained  by  the 
destructive  distillation  of  eilinamlic- acid  -  may  be  almost  entirely 
distilled  without  the  production  of  the  solid  modification. 

The  preceding  experiments  prove  that  at  a  temperature  very 
near  its  boiling  point,  cinnamic  acid  is  decomposed  into  einnamol 
and  carbonic  acid,  according  to  the  equation, 

C„H804  *=  C,«Hs  +  2C0y 

a  decomposition  similar  to  the  transformation  into  benzol  and 
carbonic  acid,  which  benzoic  acid  undergoes  when  its  vapour  is 
passed  through  a  red  hot  tube. 
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ft  iMHPllh  ta  a  iMrd  of  the  acid  employed,  ao  tliat  this  inaction 

famishes  a  method  of  preparing  cinnamol  much  more  easily 
and  miicli  more  copiously  than  it  could  be  hitherto  obtained. 
Cinnamol  obtained  in  this  manner  is  perfectly  free  firom  benzol. 
It  is  well  known  that  the  liquid  obtained  by  the  usual  process 
▼ia.,  distillation  of  cinnamic  acid  with  lime  and  even  baryta,  consists 
of  a  mixture  of  hydrocarbons,  in  which  so  large  a  proportion  of 
benzol  is  present,  tliat  some  chemical  Manuals  state  the  boiling 
point  of  cinnamol  at  89°  C,  proving  that  the  pro]K)rtion  of  ciimaraol 
in  these  mixtures  is  excessively  small.  The  dry  distillation  of 
pmre  cmnamate  of  lime  likewise  famishes  cinnamol  quite  free 
from  beoEolj  thus  aicDtUBgavemaffkable  contrast  to  the  bdiavioiir 
of  a  mixtore  of  dnnainic  acid  and  excess  of  lime. 

The  cmde  cinnamol  obtained  from  either  cinuamio  acid  or 
cmnamate  of  lime^  oontains  a  small  quantity  of  a  ciTstalline 
substance  which  may  1^  separated  from  the  more  vdatile 
dnnsmol  by  distillation  with  water ;  the  fbrmation  of  metacinnamol 
is  thus  in  a  great  measure  prevented,  and  the  substance  in  question 
wAj  he  etlracted  from  what  is  left  in  the  retort  by  aloohol,  from 
wliicfa  U  crystalHses.  When  purified  by  several  crystallisatiotts 
from  boiEng  alcohol,  which  dissdves  it  hetAj,  while  cold  alcohol 
recainv  a  comparatively  small  portion,  the  crystaHiile  substaace 
presents  itself  in  the  form  of  brilliant  pearly  scales  which  oii 
analysis  gave  the  £t)llowing  results  * 

L '1568  grm.  gave  *mi  earbonie  add  and  *0m  water* 
IL  '2600  gnn*  gaive -8606  earbonic  acid  and  *1646  water. 

These  numbers  represent  a  hydrocarbon  Cj^H^  or  a  multiple  of  it» 

Thwrf  Experiment 

L  n. 

.      «  84  .      .  98*88         98-18  98*76 
Hg    .      .     6  •      *     6-67  705  6*86 
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The  crystalline  substance  when  gently  heated  with  bromine^ 
gives  rise  to  the  fenaation  of  a  bromine-compound  which  is 
only  slightly  soluble  even  in  boiling  alcohol.  The  hot  solution 
deposits  on  coolings  minute  scales  exhibiting  a  slightly  reddish 
tint*  On  analysis  the  following  results  were  obtained : — 
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I.  *2780  grm.  gare  -5060  carbonic  acid  0*985  water, 
n.  *1916  grm.  gave  *2120  bromide  of  silver, 
III.  *2020  grm.  gave  '2255  bfomide  of  ailrer. 

The  formula  Cj^HgBr  requires  tbe  following  ralues  wMeh  I 
place  in  juxtapositiou  with  the  experimental  numbers : — 

Shcperiment 

4  ^ 


X  n.  xti. 

C,4  .      a  M    48^41  4Sr^  

Hf          •     flr.     8.68.          8«6l8  —  ■ 

B(    .      *  8Q    47-0«    47*10  47-80 

170    100  00 

The  formatioia  and  oomposition  of  tlie  bromme-compoimds 
could  leave  but  Utile  doubt  that  the  crystalliiie  hydrocarboa  moat 
be  represented  by  the  formula  C^^li^. 

A  hydrocarbon  of  precisely  the  same  compositioo^  and  exhibiting 
also  the  general  characters  of  the  substance  derived  from  cinnamio 
acid,  "waa  described  some  years  ago  by  Laurent.  He  obtained 
the  body  which  he  calls  "stilbene,''  together  with  another 
crystalline  body,  "  thionesaal/'  in  the  destructive  distillation  of 
hydride  of  sulphobenzoil  thus^ 

Hydride  of  Sulphobenzoil  Stilbeno  Thioneraal 

In  order  to  ertabtish  the  identity  of  the  two  substances,  I  have 

prepared  a  quantity  of  stilbene,  according  to  Laurent's  process 
In  repeating  the  experiments  of  Laurent,  I  observed  all  tht 
phenomena  described  by  that  chemist. 

On  comparing  the  stilbene  procured  in  this  manner  with  the 
crystalline  substance  obtained  from  cinnamic  acid,  it  was  impos- 
wblo  to  doubt  their  absolute  identity.  I  have  nothing  to  add  to 
Laurent's  description,  except  that  stilbeue  prepared  by  the  dry 
distillation  of  either  hydride  of  sulphobenaoil,  or  of  cinnamic  acid^ 
fuses  at  125''  C. 

The  transformation  of  cinnamic  acid  into  stilbene  is  obviously 
the  result  of  a  destrttcttve  process,  which  does  not  admit  of 
timpte  vepraacMtation  in  formulsi. 

The  experiments  which  I  hm  daaoribed  wenr  performed  in 
Dr.  Hofmann's  laboratory. 
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XVn.— cfSodmrn  igMn         qf  Methyl  mmed  with  Ether. 

Bt  J.  A«  Wan  ILL  YN^  F.E.S.£.^  and  F.  Buckeisbn^  Ph.D. 

FvRB  methyl  has  not  jet  been  obtained.  Kolbe^s  method^  viz., 
dfictrolyik  of  an  acetate,  yields  methyl  always  contaminated  hf 
■ome  'fianign  body^  probaUj  oxide  of  methyl,  irhicb  caimot  be 
completely  removed. 

Fnmkland'e  method,  vis.,  deoompontioa  of  iodide  of  methyl  by 
nnc,  also  gives  a  miztme,  which,  in  this  case,  consists  of  hydi^ 
of  methyl  and  free  methyl.  This  hydride  of  methyl^  Frankland 
regards  as  a  secondary  product^  formed  after  the  gas  has  left  the 
production  tube,  and  due  to  decomposition  of  moisture  by  some 
2inc-methyl,  with  which  the  gas^  as  it  issues  forth,  is  invariably 
accompanied. 

Bearing  this  circumstance  in  mind,  we  determined  to  try  the 
action  of  sodium  upon  iodide  of  methyl.  Since  sodium-methyl 
Cannot  be  prepared  by  sueh  a  process,  we  expected  to  obtain  pure 
methyl.  Our  expectatiou  was  not  realized,  as  will  appear  iii  the 
course  of  the  paper. 

Tbc  iodide  of  methyl  used  in  our  experiments,  boiled  constantly 
at  43"  C. 

We  enclosed  in  a  glass  tube  some  sodium  along  with  a  fow 
grammes  of  iodide  of  methyl  and  ether.  In  order  to  iosure  the 
absence  of  moisture,  we  next  made  a  short  preliminary  digestion  in 
the  water-bath.  Then  we  let  out  the  first  portion  of  gas,  which 
was  no  doubt  contaminated  with  products  due  to  traces  of  water 
adhering  to  the  materials  employed  in  the  ezperimoit.  After- 
wards  we  resealed  the  tube,  heated  again  to  100^  C,  and  cdleofeed 
the  gas  over  btnling  water.  After  having  stood  in  contact  with 
water  during  a  night,  the  gas  was  analysed  according  to  tiie  method 
employed  by  Bunsen. 

We  give  the  particulars  of  the  analyses 

The  gas  was  divided  into  two  portions,  one  of  which  was  placed 
in  the  combustion  eudiometer,  and  the  other  in  the  absorption 
tube. 
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1. — In  the  Eiu^ometer, 


Yolmne 

Tempe- 

MteM 

Pressure 

V  oiume  re- 
duced io  0*0. 

ADO  1  meter 
premue 

V  Qittmo  01  gas  takexi  . . 

Slav  u. 

meter 

U lOUoO 

oo70 

Tolvme  after  addttioii  of  oxygen    . . 

f7'V 

0*95844 

49*547 

^c^^^  After  adclit^on  of  air . . 

340-90 

0-41661 

1^9-28 

Yohniie  after  exploiioii 

80B-54 

aar* 

25-5'' 

0  89886 

107*74 

Volume  after  absorption  of  CO^ 



275-42 

0-378 

95-221 

Volume  after  addition  of  Hydrogen  . . 

875-0 

26-7° 

0-4717 

161'13 

Tfllme  after  eiplMloii 

0*8675 

8S-88 

t 

II.-— /ft  /Ae  a^«orp<loi»  tefte. 


«             •  •                •  • 

• 

■ 

•Volume 

Tempe- 
iminie 

Presaare 

Voleme  re- 
duced to  O'O. 
and  1  meter 
preesure 

Volume  of  gn"  talccn  .  . 

or^-70 

meter 

Volume  after  the  aetlon  of  pqCaih  1 
and  pjmgallie  add . .  j 

90-63 

26-6' 

0-6781 

55-591 

Valwaa  after  the  abeorptioix  of  olefinee 

82-8 

0-6675 

60-551 

Some  gas  after  the  removal  of  CO^,  oxygen  and  olefineo,  wtm 
tnnafcarred  from  tbe.  abBarption  tabe  ta  the.eadionieter.  Itq 
9iudfm  gave  the  namben  foUowing 

«•  ««  »•  •  «• 


e  •  t  •  ■  e 
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ni.»/ii  /ile  Eudiometer. 


Yokime 

11    -  ■ 

Tempe- 
rature 

PNtMm 

duced  to  O^C. 
and  1  meter 
preflsore 

Volume  taken   ..  ., 

84-32 

26  7  "C. 

meter 
016ti7<> 

12-809 

Volume  after  the  addition  of  orrtren  . . 

399  36 

267" 

0-4&686 

177-12 

•^MS 

liO*Il 

Volome  after  tht  abMrptioa  of  oar*  1 

3mff 

0-446S 

Aaother  mXym  of  tlie  same  ^  yieldad 

IV. — In  the  Eudiometer, 

Corrected  at  0°  C.  i^id  one  meter  presBuie 

■■III,.       ■  L^^     III        ■   »  I  I 


Yolune  tekcn    10-365 

Yolume  after  ihe  addiypn  of  Qsjgen   160-75 


Y«liiaMaftar«xplMifli  ,   188*40 

——————   U.  'I  K  ^         I   -■  I.I  

Yoloae  after  absorptioa  of  GOj  ,       ••  WHO 


A  third  analysis  of  the  same  gas  gatet**^ 

the  Etidhmeter^ 


CmrraeM  si  O^a  sad  one  flMttf  jitmm 


Volume  takaa                                                         „  18*087 

Yolvme  after  the  addition  of  oxygen             ..      ,   85  611 

Volume  after  tlie  addition  of  sir   198  04 

Yolnme  after  «s|ikalia  and  s1m)iptSoii«ro^   187*08 

Volume  after  addition  of  hydrogen    2(13-67 

Y<»laiiiasft«rezploaioa   ,  114*78 
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Analysis  II.  shows  that  the  gas  was  free  from  carbonic  acid  and 
oxygen.  It  also  shorn  that  55*706  Tolames  of  the  gas  contained 
5*155  vol.  of  defines. 

In  percentage  C„H^  .  •  9*8 
Gm  freed  fronC^H.    .      .  90*7 

100-0 

Analyria  I.  ahowa  that  9*8876  foIs.  of  gas  contain  0*868  foL  of 
nitrogen.   In  percentage  nitrogen  ^  3*7. 

Analysis  Y.  of  the  gas  free  from  C^Hq  slioivs  that  18*037  vols, 
contain  0*21  vol*  of  nitrogen^  or  90*7  vols,  contain  1*05  vols,  of 
nitrogen.  But  100  toIs.  of  the  original  gas  contain  90*7  vols,  of 
gas  free  from  C^H^.  TherefcHre^  100  vok.  of  the  original  gas 
contain  1*05  vols,  of  nitrogen. 

The  determination  of  nitrogen  at  the  end  of  a  hydro-carbon  gas 
analysis  is  subject  to  a  little  irregularity,  inasmuch  as  the  small 
quantities  of  air  introduced  in  the  course  of  the  analysis^  tell  in  the 
aggregate  upon  the  final  nitrogen  determination. 

Adopting  the  mean  of  our  two  results,  we  have  2*4  for  the  per- 
centage of  nitrogen. 

From  Analysis  I.  we  obtain 


Original  gas  . 
Nitrogen 
Combustible  gas 
Oxygen  consumed  , 
Carbonic  acid  formed 


In  percentage, 
9-8876  1000 
0-237  2*4 
9*6506  97-6 
24-4084  246-9 
12*519  126'6 


Aualyscs  III.,  lY.,  and  V.,  all  of  the  rendual  gas  after  femoral 
of  C^H^give:^ 


Gombnstible  gas  •   12*(K)7      10*091      17*560  88«d 

Oxygen  burnt      .   29*628      25*069      48*480  216*7 

Carbonic  add  formed  16'120       12*80        —  109*1 

To  arrive  at  the  condensiitioii  of  the  pk^es  we  make  use  of  the 
following  data : — 

100  vols,  of  the  original  gas  are  composed  of, 

9-3  vols,  of  C„H„. 
2'  1  vols,  of  nitrogen. 
88*8  Tola,  oi  xeiidiial  hydro-carbon. 
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And  on  combustion  furuiBh, 

246*9  Tola,  oxygen  oonsnmed. 
126*6  vols,  carbonic  acid. 

88*3  Tola,  of  the  reaiduaL  hydxo-carbon  gas  fkumiah 

215*7  vols,  oxygen  consumed. 
109*1  yols.  carbonic  add, 

Henoe  the  9*3  vols,  of  C^U^  fumiah 

31*2  Tola,  oxygen  conaumed. 
17*5  vols,  carbonic  add. 

The  C^Hjp  therefore,  hat  the  condensation  of  ethylene,  which 
requires. 

Vol.  taken  .  .1*0 
Oxygen  burnt  .  8H) 
Carbonic  add      .  2*0 

With  ao  low  a  percentage  pf  C^H^  as  is  present  in  the  gaa 
under  examination,  great  accuracy  in  the  determination  of  its  con* 
densation  is  not  to  be  expected;  the  very  indirect  manner  of 
arriying  at  the  result  having  the  effect  of  concentrating  the  eirora 
of  the  whole  analysis  upon  the  small  percentage  of  olefine. 

The  88*8  vols,  of  hydrp-carbop  mu|t  consist,  for  the  most  part, 
of  mart^h  gtts.  Some  other  mpre  complex  hydrp-carbon  is  also 
present ;  bat  what  other,  cannot  be  revealed  by  a  mere  cov&bnation 
analysia.  If  the  hydro-carbon  be  very  complex,  then  the  percent- 
age of  marsh  gas  must  be  high ;  if  leas  complex,  then  the  percent 
age  of  marsh  gaa  falls. 

Assuming  that  the  accompanying  hydro-carbon  is  methyl,  hi 
which  case  the  proportion  of  marsh  gaa  readiea  its  lowest|  we  have 
for  the  composition  of  the  gaa 

C^H^     .       .       .  9-3 

Nitrogen       .       .  i2'i 

Hydride  of  methyl  .  65*0 

Methyl  .       .       .  23*3 

lOOO 

As  is  "Well  l^nown,  a  combustion  cannot  distinguish  marsh  gas 
£i-om  a  mixture  in  equivalent  quantities  of  methyl  and  hydrogen. 
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That  our  niHrsb  gas  was  such  a  mixture,  was  highly  improbable. 
Direct  proof  we  have  nevertlieless  sought  in  auother  experiment. 

"We  made  a  fresh  quantity  of  gas,  collet.'tcd  it  over  strong 
alcohol  (previously  boiled)  and  shook  it  up  therewith.  Since 
methyl  is  very  much  more  soluble  in  alcohol  than  is  hydrogen,  the 
gas  discharged  from  this  alcohol  by  boiling,  should  have  been  very 
neh  in  methyl.  After  WMhing  with  water,  however,  it  yielded  on 
oombustion  Damberi  agveeiiig  with  the  oompoiition  of  hydride  of 
methy  I9  vis. 

Contnetioii.  Oarbonie  Acid. 

10-81  :  6-27 

Hydride  of  metiiyl  requivw  oomtnietioii  to  oarhonio  acid  ia  the 
laiio  of2:l. 

This  gas  also  ocmtained  hmdly  miy  olefine,  vis.,  only  2*7  per 
oeat. 

We  have  ihna  eatabliahed  the  following  coneliiaioiia 

At  10(f  C.  aodinm  deoomposea  iodide  of  methyl  in  protenoe  of 

dry  ether,  yielding  a  large  quantity  of  hydride  of  methyL 
The  equation  expreaiing  the  prodndaoo  of  the  hydride  ia  neither 

of  the  following : — 

Na,  +  2(C,Tl3T)  =  2NaI  +  C^II^  4-  C^l^ 
Na4  +  4(CaH,I)  =  4NaI  +  C4H4  +  aCCjHJ 

becanaey  the  amount  of  C,II„  is  too  unall  for  the  hydride  of 

metliyl, 

"What  tlie  product,  complementary  to  the  hydride  of  methyl, 
reallv  consists  of,  we  have  not  vet  been  able  to  determine. 

In  conclusion  we  have  to  add  that  we  have  repeated  the  experi- 
ment and  obtained  similar  results  to  those  whieh  we  have  described 
in  the  paper.  AVith  potassium  likewiise  the  s&me  peculiarity  has 
been  observed  as  with  sodium. 

The  further  u(Lve8tigat^>n  of  the  snliject  will  be  made  by  one 
of  ua. 


\<>L.  XIII. 
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XVIII. — On  Ui€  Composition  of  the  Aqueotis  Acids  of  corutani 

Boiling  PoinU 

Bt  Hbnet  Envicld  Botcoa. 

It  is  still  a  rery  generally  xmived  opiaioiiy  that  a  liquid  which 
boib  onchanged  at  a  fixed  temperatiiro  most  be  regarded  M 
a  ehemicaUy  homogeneoiu  body.  This  sappoeitioii  is  not*  how- 
erer,  borne  out  eitber  by  theoretical  connderations  or  by  pxactioal 
experience. 

The  proportions  in  which  the  constitiients  of  a  mixed  liquid 
pttBS)  on  boiling,  into  the  ftale  of  vapour  depend  upon  tiie  propor- 
tions in  which  the  constituents  are  contained  in  the  Uqaidi  and 
upon  the  separale  tensions  of  the  vapoun  of  <iMae  eonstilnenta  at 
the  temperature  of  ebullition.  Although  the  laws  which  r^gnlato 
the  vaporization  of  mixed  liquids  are  as  yet  &r  from  being  under- 
stood, it  is  easy  to  see  that  the  relations  between  the  several 
tensions  and  the  ])roportions  hy  weight  of  the  two  or  more  con- 
stituents may  be  such  tlkat,  at  a  given  temperature  of  ebullition, 
the  composition  of  the  vapour  is  identical  with  th.it  of  the  liquid. 
As  soon  as  this  point  is  reached,  the  mixed  liquid  boils  at  a 
constant  temperature  without  undergoing  any  chanoro  of  com- 
position, and  in  this  respect  does  not  difl'er  from  a  uniform  chemical 
combination.  Such  mixed  liquids  possess,  however,  other  proper- 
ties, by  means  of  which  they  can  be  easily  distinguished  from 
definite  chemica  Icombinations.  The  characteristics  by  which  a 
chemical  compound  is  recognized,  are  generally  considered  to  be 
(1),  that  the  components  of  such  a  combination,  are  united  in 
quantities  represented  by  jome  simple  atomic  relation ;  and 
^t  this  relation  remains  unaltered  under  a  certain  ohange  of 
physical  conditions. 

From  the  experiments  of  Dalton^  Mitscherlichy  Mill  on, 
Bineau,  and  others,  it  has  been  hitherto  supposed  that  most  of  the 
aqueous  acids,  and  especially  hydrochloric,  hydrobromic,  hydriodic, 
hydro-fluoric,  nitric,  and  sulphuric  adds,  of  very  various  d^^rees  of 
strength,  not  only  attain  a  fixed  composition  when  boiled  under 
the  ordinary  atmospheric  prensure,  but  that  the  liquids  thus  pre- 
pared are  definite  chemical  compounds  of  acid  and  water.  In  the 
present  eommnnication,  my  aim  will  be  to  show  tliiit  thi.s  latter 
suppoi^itiou  is  iucorrcct ;  that  although  liquids  possessing  constant 


Digitized  by  Google 


composition  are  obtained  by  boiling  the  above-mentioned  acids 
under  the  ordinary  atniosplieric  prrssnrc,  these  bodies  cannot  be 
regarded  as  definite  hydrates,  but  tliat  the  phenomenon  of  constant 
composition  and  fixed  boilings-point  is  to  be  ascribed  to  tlic 
establishment  of  that  particular  relation  between  the  weights  and 
tensions  of  the  coimtituents,  by  virtue  of  which  aptd  and  wator  are 
oontfdned  in  the  vapour  in  the  same  proportions  in  which  they  are 
ptfeopt  in  the  liquid.  I  shall  show,  in  the  tot  place,  that  the 
qooposition  of  the  eeida  obtained  hy  ebulUtiaiii  under  the  ordinary 
aimoaphenc  iraaiure,  does  not^  in  the'  eaie  of  any  oS  the  acide 
eiBiiriiied»  with  eoa  exception,  agree  with  that  of  a  nmple 
hydrate;  en4»  aeeondlyp  that  in  ewy  ease  when  theie  eonatant 
acida  are  hroof ht  under  ether  physical  oonditiona,  a^oh  aa  when 
,  he&Wd  nnder  diffeiieat  premres,  or  when  a  eorrent  of  diy  air  ia 
paaned  tivough  them  at  diffimnt  tempeiiliireB,  they  are  deeom» 
poaed  and  attain  a  different  hat  constant  eompoMtion,  so  that  a 
Hiittttre  of  acid  and  water  may  be  made  which,  on  vaporization 
at  a  f^ven  tempcriiLure,  does  not  undcrgQ  any  alteration  in 
composition, 

I.  Nilric  Acid* 

Dal  ton  was  the  first  clearly  to  point  out  that  niixtiircH  of  nitrio 
acid  and  water,  when  boiled,  undergo  such  a  change  that  the  weak 
mixtures  lose  w.itcr,  and  the  strong  mixtures  lose  acid,  until  the 
residual  liquid  attains  a  specific  gravity  of  1'42,  and  boils,  under 
the  ordinary  atmospheric  presaure,  steadily  at  1^*^  C.  This 
observation  has  since  been  coofinoed  by  the  cx))eriments  of 
Mitscherlich,  ]3ineau,  Millon,  and  Smith.  The  residual 
acid  obtained  by  boiling  either  a  weaker  or  a  alronger  aoid  vaa 
foond  by  these  chemists  to  possess  an  almost  constant  oompoaition, 
the  analysea  giving  an  amount  fi  nitric  acid  (UNO^  Yaiying 
from  66  to  70  per  cent*  on  the  tiquid,  Fkom  his  own  expennmta 
Mitscherlich  condudedj  that  this  add  of  constant  boiling  point 
eontaiaa  4  atoms  of  waiter  to  1  atom  of  HNOs^  whilst  Bineau 
and  others  supposed  that  this  add  coosbta  of  3  atoms  of  water 
and  1  of*  nitric  acid  (U^Q^),  corresponding  to  the  weUoknown 
series  of  magnesian  nitrates  of  the  formula  RN'0^  +  3H0. 

Owing  to  the  discrepaniT-  in  these  statements,  it  appeared  of 
interest  to  detennine,  as  accurately  as  possible,  in  the  first  pKice, 
whether  the  acid  obtained  by  distillation  under  the  oidiuujy 

l2 
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atmospheric  pressure  lias  a  constant  composition  ;  and,  secondly, 
whether  the  rehitiuii  between  acid  and  water  is  one  capable  of 
expression  in  simple  numbers.  Vor  this  purpose,  a  quantity  of 
strong  acid  was  prepared  by  the  usual  processes,*  and  freed 
completely  from  lower  oxidt^  of  nitrogen  by  passing  a  current  of 
dry  carbonic  acid  throngh  the  warm  liquid.  Tbe  add  thus 
prepared  was  perfectly  colourless,  and  free  from  every  trace  of 
chlorine  and  sulphuric  acid.  The  method  of  determination 
adopted,  conaiated  either  in  volumetric  analysis  with  a  standard 
solution  of  caustic  soda  of  exactly  known  strength,  or  in 
neutralinng  the  acid  with  a  weighed  quantity  of  pure  fused 
carbonate  of  sodium,  boiling  the  solution,  and  adding  a 
small  quantity  of  test  add  or  alkali  to  reach  the  exact  point  o( 
neutrality,  which  was  supposed  to  be  attained  when  the  litmus 
became  blue.  The  quantity  of  add  employed  for  each  deter- 
mination was  such,  that  the  maximum  analytical  error,  the 
amount  of  which  was  determined  by  control  experiments,  never 
attained  0*2  per  cent,  on  the  liquid.  In  order  to  check  the  two 
methods  employed,  an  acid,  which  with  test  alkali  was  found  to 
contain  68*00  per  cent,  of  HNOg,  and  with  pure  carbonate  of 
sodium  gave  68*02  per  cent,  of  HNO^^,  was  neutralized  with 
freshly  precipitated  carbonate  of  barium,  the  barium  in  solution 
being  estimated  as  sulphate;  1'3368  grms.  of  the  nitric  acid 
yielded  1'6815  grms.  of  sulphate  of  barium,  corresponding  to 
67-95  percent,  of  UNO.. 

The  composition  which  aqueous  nitric  acid  of  various  degrees 
of  strength  attains  when  boiled  under  the  ordinary  atmospheric 
pressure,  was  determined  by  diluting  portions  of  tlic  pure  con- 
centrated acid  to  a  given  extent  with  water,  and,  after  analysis, 
distilling  them  in  a  smaU^retort,  the  strength  of  the  residual 
liquid  being  then  accurately  estimated.  The  expenmental  results 
are  contained  in  the  following  Table,  in  whieh  Column  I  gives  the 
volume  of  add  employed ;  Column  II,  the  percentage  quantity  of 
real  add  (HNO^  contained  in  the  liquid  befoie  distillation; 
Column  III,  the  volume  of  liquid  remaining  in  the  retort ;  and 
Column  IV,  the  percentage  quantity  of  real  add  (HNOg)  con- 
tained in  the  rendual  liquid  after  distillation. 

*  Mi  lion's  atetomeai  iMpeeMng  the  dificnllf  of  sppMatiiig  ftvm  the  dlitlllato  the 

sulphuric  acid  used  for  conccDlr:itin^r  the  aitiie  leid  was  nut  eoDflrmed.  Stieag 
nitric  acid  wm  easily  obuiued  irae  from  e?ety  toace  of  either  snlphurie  or  l^ydxo- 

chloric  acid. 
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Tablb  1. 


Now 

1. 

IL 

in. 

IV. 

(1) 

25cbo. 

99-8 

5  cbc. 

95-8 

(2) 

25 

95-2 

5 

>» 

84-8 

(8) 

25 

847 

5 

It 

71-8 

{*) 

120 

n 

77-8 

20 

ft 

69*1 

• 

(6) 

180 

74-7 

» 

6S1 

(6) 

ISO 

n 

70-« 

SO 

w 

08-S 

(7) 

90 

n 

70-5 

IB 

t» 

(8) 

ISO 

tt 

651 

80 

w 

eS'O 

w 

ISO 

M 

96*1 

SO 

» 

Prom  these  experiments  it  Is  seeo^  that  nitric  adds  of  widdy 
different  degrees  it  oonoentiwtioa  attain  on  boiling  a  composition 
Taiying  from  68  to  69  per  cent,  of  real  acid.  The  slight  differ- 
ences  in  the  composition  of  the  residue  here  observed^  arise  from 
the  impossibility  of  performing  the  experiments  nnder  the 
same  physical  conditions,  as  orerheatiI^|^  the  vapour,  nnequal 
exposure  to  air,  &c.,  cannot  be  avoided.  This  is  proved  by 
comparing  the  remits  of  a  second  series  of  experiments,  detailed 
in  Table  2.  The  distillation  was^  in  these  instances,  effected  in 
a  small  bnlb-tube  retort^  blown  before  the  lamp,  in  which  the 
ebullition  in  presence  of  platinum  proceeded  more  regularly  and 
quietly  than  in  the  larger  retort  before  employed;  the  liquid  was 
also  reduced  by  boiling  to  the  same  volume  in  every  experiment, 
and  thus  the  causes  of  variation  as  much  as  possible  avoided. 
The  designation  of  each  column  remains  the  same  as  in  Table  1. 

Table 


Na 

I. 

II. 

IV. 

(1) 

SO  obc 

70-2 

5  cbc 

08  1 

(2) 

20  „ 

68-8 

5  n 

88  0 

<3) 

20  „ 

88-8 

5  „ 

87  9 

(4) 

20  „ 

08  » 

8  « 

88-0 

(5) 

20  „ 

AO'S 

'   "  i 

88*0 

(6) 

20 

M*S 

'  "  1 

88  0     HeuK  88*00 
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Hence  we  may  concLnde 

(1.)  That  ilie  residual  liquid  obtained  by  boiling  aqueous  nitric 
acid  of  various  degreed  of  concentration  under  tlie  ordinary 

atmospheric  pressure  possesses  a  constant  oompomtion. 

(2.)  That  the  liquid  thus  obtained  contains  68*0  per  cent,  of 
real  acid,  and  that,  therefore,  tlic  proportion  between  aeid  and 
water  cannot  l)c  n'|)rcscntcd  by  any  simple  atomic  itlatiou,  the 
formula  HNOp -I-3IIO  rcqniring  70*0  per  cent,  of  HNOg.* 

The  boiling-point  of  the  acid,  containing  OS  O  per  cent.,  was 
fonnd  to  be  r20°-5  C,  under  a  barometric  prcssiu-e  of  O^'TSa ;  its 
specific  i;r:i\  ify  at  ID'^'d  C.  was  showu  to  be  1'414  as  a  mean  of 
two  determinations. 

Distilled  at  other  temperatures,  the  relation  of  real  acid  to  water 
will,  if  the  phenomcuou  of  constant  boiliug-i)oint  depends  alto- 
p^ethcr  on  physical  causes^  be  found  to  be  a  difierent  one.  In  the 
fi^owing  experiments,  aqueous  nitric  acid  of  Tarious  degrees  of 
strength,  was  distilled  under  diminished  atmospheric  pressure^ 
effected  by  placing  the  acid  in  a  retort,  the  neck  of  which,  draws 
but  and  bent  at  an  aeilte  anglej  passed  through  a  BoUd  caoutdioao 
stopper  into  a  large  bolt-head  of  dO  litres  capacityi  Ainwshed  with 
a  divided  manomcteMube,  and  communicating  with  the  cylinder 
of  a  huge  air-pump.  By  this  means  the  aieid  oobld  be  (tisttHed 
nnder  any  wished^fbr  pressure  less  than  that  of  the  fttmospKm]; 
by  cooling  the  bolt^hcad,  and  hf  having  a  large  absorbent  suilaoe 
ti  caustic  soda  iti  the  interior  of  the  iaak,  it  was  easy  to  ke^  the 
mercury  in  the  manometer  tube  to  within  5  millimetres  of  the 
required  height  during  the  whole  course  of  the  distillation. 
Table  3  contains  the  results  of  a  series  of  such  (experiments ; 
Column  I,  gives  the  jii'cssure  in  millimetres  of  mercury,  uudcr 
which  the  distillation  took  ])laee  (i.  e.,  the  barometric  pressure, — 
the  height  of  the  mercurial  column  in  the  manometer-tube) ; 
Column  II,  the  volumes  of  liquid  employed  ;  Column  III,  the 
percentage  of  real  aeid  contained  in  this  liipiid;  Column  IV,  tlic 
volume  remaining  after  distillation  ;  C'olumn  V,  the  percentage  of 
real  acid  contained  in  the  residual  liquid. 

*  Oilenlsted  percentage  compodtiMi  of  the  bypotlietical  hydratos  of  uilric 


teid.— 


(iHt) 


<2nd) 


(8rd) 


(4th) 


H.  N0« 
110 


87  5 
J-i  5 


77  8 
22  -2 


70-0 
30  0 


30 -4 


leo'O 


100*0 


100-0 
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Table  3. 


IL 

m. 

150  cbc. 

69  9 

20  „ 

68-8 

150  „ 

66-0 

20  „ 

66-5 

20  „ 

66-2 

120  „ 

05  1 

150  „ 

66  -9 

Ko. 


(1) 
(2) 
(8) 
(4) 
(«) 

(7) 


t 


75  mm. 

60 


76 
68 
75 
75 
160 


» 
n 


It. 


50  cbc. 

6  ,, 
60  „ 

«  « 

30  „ 
50  .. 


C6'7 
07-2 
66  -7 
60  -8 
66  -6 
66-7 
C7  -0 


Although  showing  a  maximum  difference  of  1  per  cent.,  owing 
to  the  acid  beings  mechanically  carried  over  by  the  irrcffular 
pcrnissive  ebullition^  wliich  it  is  impossil)le  to  prevent  wlieii  nitric 
acid  is  heated  under  a  diraiuished  pressure,  the  results  o))tained 
arc  still  sufficiently  accurate  to  prove,  that  under  a  pressure  of 
about  70  millimetres  of  mer- 


cury,wlieu  the  boiling-poiut 
lies  between  05"  and  70°, 
a  liquid  possessing  aconstant 
mean  composition  of  60*7 
per  cent,  of  HNO^.  is 
obtained,  whilst  under  a 
pressure  of  150  millimetres, 
the  equilibrium  occurs  when 
the  percentage  of  acid 
reaches  G7'6. 

The  distillation  of  nitric 
acid  under  pressures  greater 
th nn  that  of  the  atmo- 
sphere, is  accompanied  by 
considerable  experimental 
difficulties,  owing  to  the 
imi)ossibility  of  bringing 
the  acid  into  contact  with 
mercury.  These  difficulties 
overcome  byemploj- 
iog  ibe  foUowtng  amngetteat  t— The  bulb-retort  (a)  Fig.  1, 
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containing  the  acid,  was  connected  by  means  of  a  aolid  caontchonc 
stopper  with  a  strong  bottle  (b),  of  one  litre  capacity  containing 
some  dilute  nitric  acid ;  through  the  stopper  passes  a  second  tnbe, 
communicating  with  another  similar  bottle  (c)  containing  mercury 
(m)  and  a  strong  solution  of  caustic  soda  (i) ;  a  divided  manometcar 
tube  (d)  dipped  into  the  mercury,  and  a  third  tube  (e)  passing 
through  the  stopper  of  the  bottle  (c)  could  be  placed  to  any 
required  depth  into  a  reservoir  of  mercury.  The  bottle  (b)  being 
immersed  in  cold  water,  the  increase  of  |jres.sare  was  attained  by 
pushing:  the  glass  bucket  (ff),  filled  with  pic(;es  of  marble,  into  the 
dilute  arid,  by  means  of  the  stiff  iron  wire  (/),  working  perfectly 
air-tight  through  the  caoutchouc  stopper.  As  soon  as  the  mercury 
in  the  manometer  tube  had  attained  the  wished-for  height,  and 
the  giis  issued  from  the  extremity  of  tlic  tube  (e)  under  the 
mercury,  a  portion  of  the  acid  in  the  retort  was  distilled  over,  and 
the  residue  afterwards  analyzed.  By  withdrawing  the  marble  from 
the  acid  and  again  immersing  it  when  required,  the  pressure  was 
kept  tolerably  constant  during  the  whole  course  of  the  experiment. 
The  numbers  in  the  following  Table  show,  that  distilled  under  a 
mean  pressure  of  1,220  millimetres  of  mercury,  beyond  which  it 
was  found  inconvenient  to  operate,  the  composition  of  the  residual 
liquid  readied  68*6  per  cent,  of  real  add,  being  a  deviation  from 
the  acid  distilled  under  ordinary  pressures  of  0*6  per  cent. 


Table  4. 


No. 

L 

II. 

III. 

IV. 

V. 

(1) 

1260  mn. 

80  die. 

ro-5 

5 

«8'S 

1210  „ 

20 

68-S 

5 

S8-7 

18) 

1190  ^ 

6S0 

5 

6S-4 

Ketu  1280.  Mean  SB'S 


The  nnmbers  in  the  columns  have  the  same  signification  as 
those  in  Table  8,  except  in  the  first,  m  which  the  sum  of  the 
heights  of  the  barometric  coluoin  and  the  column  of  mercury  in 
the  manometer  tuhe  is  given. 

As  it  has  thus  been  shown  that  aqueous  nitric  acid  is  a  liquid 
which  docs  not  give  rise  on  distillation  to  bodies  possessing  a 
simple  atomic  couslitutiou,  but  that  for  each  teo^perature  a  liquid 
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re 


having  a  oonstant  compoiition  is  obtained,  it  appeared  of  intereit 
to  determine  for  lower  temperatures  the  composition  of  the  acid 
imalterable  by  vaporisation. 

For  this  purpose,  air,  completely  dried  over  siflphnric  acid  and 
phosphoric  anhydride,  was  passed  through  the  nitric  8* 
acid  contained  in  the  burette-shaped  vessel.  Fig.  2,  = 
until  no  further  change  in  composition  was  observed. 
The  requisite  temperature  was  obtained  by  immers- 
ing the  burette  iu  a  large  water-bath,  the  heat  of 
which  was  kept  constant,  a  weighed  U-tube,  con- 
taining phosphoric  anhydride,  being  placed  ])et\veen 
the  burette  and  the  drying  apparatus,  to  ensure 
aU  absence  of  moisture.  Experiments  thus  conducted 
for  every  tempernturc,  show  that  a  point  is  reached  at  which  the 
composition  of  the  aqueous  acid  undergoes  no  further  change  by 
vaporization.  In  Table  5,  Column  I  gives  the  percentage  of  real 
aeid  in  the  liquid  before  the  experiment;  Column  II,  the  per- 
centage after  the  experiment ;  Column  III,  the  fraction  of  the 
original  volume  of  acid  remaining  after  the  experiment;  Column  lY, 
the  duration  of  the  experiment  in  hours. 


Tabu  5. 

Passage  of  dry  air  through  acid  at  100°  C. 


J  *  .'      '  '  . 

-  h 

II. 

III. 

IT. 

:  (1) 

680 

60-2 

1 

4 

2  hn. 

(2) 

64-9 

661 

1  « 

-\  (8) 

64-9 

66-3 

i 

3  « 

Passage  of  dry  air  through  acid  at  60°  C. 

(1) 

68-0 

66-9 

6  hrs. 

(2) 

66-9 

66-7 

9  „ 

(3) 

65.7 

66*2 

) 

80  „ 

(4) 

65*2 

•64-9 

(6) 

64-9 

64*8 

20  „ 

(«) 

64-9 

64-8 

8  „ 

(7) 

64-8 

64-5 

9  » 

(8) 

64-5 

64-4 

+ 

9  « 

(9) 

640 

I 
9 

8  „ 

(10) 

64-5 

64-5 

i 

6  « 

B08C0JB,  ON  TU£  COMPOSITiON  OV  AQUJiOUS 


Pa$»ttge  tif  dry  air  through  acid  at  mean  temp,  of  13°  C. 


(1) 

(2) 

(3) 
(4) 
(5) 
(6) 
(71 

(8) 


I. 

II. 

III. 

680 

66-2 

1 

66-2 

65-2 

65-2 

640 

640 

640 

61.0 

64-0 

630 

63-3 

63-9' 

63*9 

63*9 

64-0 

IV. 


48  hn 
24 
24 
48 
24 
48 
7^ 
48 


ft 
II 

M 
09 
»» 

M 


It  is  thus  8eeii^(10  Th«t  WMk  or  staMif  ftqneooa  nitrie  add 
Hmmgli  wbieih  dry  itr  it  pMsed  at  100^,  attains  a  oonstant  oeni'- 
poBitioocf66*2parOQiit.ofMlaisld.  {2.)  Tliat  wheAairiapnud 
ihfoiigh  tiie  same  add  at  60^,  the  eompoaitioii  beoomes  ooustant  at 
64*6  par  oe&t.|  and  (8.)  Thatatiha  cfrdlnaxy  atmospheric  temp«ni«> 
tures^in  mean  IS^-^-tke  eqiiilitniam  is  mdwd  when  the  Mqaid 
sotttaiBs  640peroenl«€f  real  add* 

The  ease  with  which  strong  nitrie  add  is  doooupoaed,  eftn  «t 
temperatures  below  its  boiling  point,  is  wdl  known.  It  seems  to 
be  impossible  to  prepare  the  real  acid  HNOg  by  employing  the 
usual  method  of  distillation,  rectification  over  sulphuric  acid,  and 
volatilization  of  tlie  oxides  of  nitrogen  by  means  of  a  current  of 
dry  air  or  carbonic  acid.  None  of  the  chemists  who  have  worked 
upon  this  subject  appear  to  have  had  the  real  acid,  and  I  have 
also  failed  to  ol)t£iin  it,  altliou'^h  every  care  to  ensure  absence  of 
moisture  was  taken ;  one  eolourlcss  acid  contained  99*8  per  cent, 
of  real  acid,  another  99*  17  per  cent.  The  former,  nearly  anhy- 
drous acid,  not  only  sutfercd  decomposition  on  boiling,  as  is  seen 
by  reference  to  Table  1^  but  underwent  alteration  when  a  current 
of  air  perfectly  dried  over  a  large  quantity  of  phosphoric  snhy- 
dride  was  passed  through  the  liquid  at  15°.  In  seven  hours,  after 
which  time  three-fourths  of  the  acid  had  been  volatilized,  the  per- 
centage of  real  add  had  sunk  to  98*77*  This  shows  that  nitric  acid 
(HNO^  undergoes  decomposition,  not  only  when  vaporized  at  the 
boiling  pointy  but  also  at  the  ordinary  atmospheric  tempemtaies» 

II. — Sulphuric  Acid* 

We  owe  to  Marignac  the  interesting  and  important  observa- 
tion^ that  real  sulphunc  add  (HSOJ  cannot  be  obtained  by  the 
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dktilliitian  wtbsr  of  a  weaker  ttqneoos  add  or  of  a  atronger 
iiuniBg  jcid«  The  loal  aoid'  can  only  be  prepaxod  bj-  cryatalliaa* 
tioii»  tmd,  on  boiling,  is  deoompoaed  into  anhydride,  which 
ia  aeen  in  the  lecetver,  and  a  weaker  add  remdniug  in  the 
retort.  Marignac  showed  that  this  weaker  zesidnal  acid  boila  at 
aSB^  withottt  nntefdiig  change ;  aad  be  ftffllier  piored  that 
aqneons  saiphuric  add  of  ewery  degree  of  concentrntioa,  wheAor 
containing  more  or  less  water  than  the  real  acid  (HSOJ,  attains 
this  couiitant  composition  on  boiling.  From  four  separate  detcr- 
miuations,  Man^^nac  found  that  this  residual  liquid  oontaiued 
98*70  per  cent,  of  real  acid. 

The  following  determinations  have  confirmed  in  every  par- 
ticular Marignac' 8  oonclasions.  The  analyses  were  made  by 
weighing  out  tlie  requisite  quantities  of  pure  fused  carbonate  of 
sodium,  the  exact  point  of  neutrality  being  estimated  by  addition 
of  small  voitunea  of  atandard  alkali  and  add  of  weU^tablished 
atrengths. 

(1.)  Pure  strong  sulphurio  a/dd)  oontaining  93*4  per  cent,  of 
real  acid>  Was  distilled  in  a  retort,  until  two-thirds  of  the  liquid 
had  beea  TolatUiMd*  The  liqaid  letnaiiMng  in  the  Moft  con^ 
tdned  06-7  per  oent*  of  iieat  addt 

(2.)  An  add  containing  98*S7  per  OMtt  of  fiSO^  was  diatiUed 
in  a  ailuaU  retort,  nntil  one-fifth  of  the  original  Tokune  remained. 
The  reddae  oontained  98'8ft  per  cent,  of  H904. 

(3.)  An  acid  eontalnittg  96*87  per  cent,  of  HSO4  wm  bdled 
down  in  a  porcelain  capsnle  to  one-third  of  its  original  Tolnme* 
The  residual  liquid  contained  98*45  per  cent,  of  real  acid. 

(  t.)  An  acid  containing  100-33  per  cent,  of  HSO^,  ami  i'uming 
iu  contact  with  the  air  at  ordinary  temperatures,  was  boiled  dowa 
to  one-eighth  of  its  orignal  volume.  The  residual  liquid  con- 
tained 98  8  per  cent,  of  real  acid. 

(5.)  Another  portion  of  the  same  fuming  acid,  which  a  second 
analysis  showed  to  contain  100'3i  per  cent.  IISO^,  was  boiled  to 
one- fourth  of  its  original  volume*  The  residual  liquid  contained 
98*40  per  cent,  of  real  add. 

It  thus  appears  not  only  that  aqueons  sulphuric,  like  aqueous 
nitric  acid,  attains  an  unalterable  compodtion  not  corresponding 
to  any  definite  hydrate,  on  distillation  under  the  ordinary  atmo- 
spheric pressure ;  but  we  also  notice,  what  is  very  remarkable,  that 
both  the  real  acids,  HNOq  and  HSO4,  bodies  which  posaesa  in 
other  reapecta  the  characteristics  of  well-defined  chemical  com- 
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pounds,  toe  deoomposed  on  boiling,  yielding  that  aqueooB  acid 
which  remains  unchanged  at  the  temperature  of  ebollitioii. 

Ill, — HydroMorio  Add, 

Bineau  found  tliat  aqueous  hydrochloric  acid  boiled  under  the 
ordinary  atmospheric  pressure,  attained  a  composition  of  20*2  p.c. 
of  HCI,  corresponding  exactly*  to  the  formiUa  HCl-f  16HO, 
and  this  liquid  he  coiicoived  to  be  a  definite  hydrate.  In  a 
research  upon  the  absorption  of  hydrochloric  acid  and  ammonia  in 
■water,  published  in  vol.  xii,  paj^e  128,  of  the  Journal  of  the 
Chemical  Society,  which  I  made  iu  conjunction  with  Mr.  Dittmar, 
this  reanlt  of  Bineau'a  was,  to  a  certain  extent,  confirmed,  inaa* 
much  as  the  aeid  of  constant  oonpoution  obtained  by  ebullition 
under  the  ordinary  atmospheric  pressure  was  found  to  contain 
20*34  per  cent,  of  UGi;  but  it  waa  at  the  aamc  time  ahowUj 
that  distilled  under  other  pressures,  or  vaporized  at  other 
tempentores,  this  add  was  decomposed^  other  liqmds  of  constant 
coropositton  being  then  produced,  and  the  conclusion  was  there* 
ibre  drawn  that  this  hydrate  has  no  real  existence.  The  IbiUowing 
^ble  6^  extracted  finom  the  aboye-mentioned  memoir,  givea  the 
relation  between  the  pressure  under  which  the  acid  is  distilled, 
and  the  composition  of  the  oonstant  liquid.  The  Column  P  shows 
the  pressure  in  metres  of  mercury,  under  which  aqueous  hydro* 
chloric  acid  must  be  distilled  to  attain  the  constant  oompoeition 
given  in  the  next  column. 


Table  G. 


Pm. 

Perecntngc 
oftiCU 

Pm. 

Pcrcftifat^f 
ofUCL 

Pm. 

Percentage 
ofUCU 

Pm. 

PerccnUigie 
ofUCl. 

0-06 

0-6 

20-7 

1*8 

19-8 

8-0 

18*5 

0*1 

88-9 

0-7 

ao'4 

1*4 

19-1 

2*1 

•  18-4 

0*2 

88-S 

078 

90-84 

1-S 

19-0 

28 

18*8 

0-8 

81*8 

0-8 

90*8 

18 

18*9 

8-4 

18-1 

0-4 

81-4 

0-9 

17 

18-8 

25 

180 

0-5 

81*1 

1*0 

19*7 

1-8 

18-7 

1-1 

19-5 

1-9 

18-6 

19-4 

uiyiii^ed  by  Google 


ACIDS  OF  CONSTANT  BOILING  POINT 


157 


Henee  itis  endent: — (1.)  That  there  euste  for  each  pressme 
h  corresponding  aqueous  bydroehlorie  acid,  whicli  undergoes  no 

change  in  composition  when  distilled  under  this  pressure^  and 

therefore  has  a  constant  boiling  point.  (2.)  That  the  com- 
position of  these  aqueous  acids  is  ditt'crcnt  for  each  pressure,  a 
gradual  change  in  pressure  being  accompanied  by  a  gradual 
alteration  in  the  percentage  of  hydrochloric  acid. 

When  aqueous  hydrochloric  ^cid  is  vaporized  by  passing  a 
eurrent  of  dry  air  through  the  liquid  at  a  given  temperature,  a 
similar  point  is  reached  Ijeyond  which  no  decomposition  occurs. 
Table  7  contains  the  interpolated  values  obtained  from  the  expe- 
rimental results  given  in  the  original  paper.  The  hrst  column 
gives  the  temperatures ;  the  second  column  gives  the  percentage 
of  UCl  oontained  in  the  add^  nnalterable  at  the  oonespondinf^ 
temperatttre. 

Tablb  7. 


Peroenlagc 
ofHGl* 

Percentage 
ofHCL 

T*. 

Percentage 
ofHCi. 

Percentage 
ofBOL 

0» 

M-O 

W 

M*l 

60* 

88D 

81-4 

«• 

U-9 

SS*» 

66* 

'  82  -8 

96' 

81-1 

10» 

S4-7 

40° 

28*8 

TO* 

88-8 

100" 

80*7 

16* 

S46 

28-tf 

88*8 

M*4 

W 

80* 

88*0 

S4*S 

65« 

28-8 

88* 

81-r 

IV.  Hydrobromie  Add, 

Lowig  first  obsenred  that  water  saturated  at  the  ordinary 
ttmoepheric  temperature  with  bjdrobromic  add  gas  loses  add 
when  boiled^  and  that  water  containing  but  little  gas  in  sohxtion 
loses  water  under  similar  circumstances.  Bineau  showtd  that 
the  composition  of  the  acid  obtiiined  by  boiling  was  constant, 
and,  iiis  experiments  proving  that  such  acid  contained  from  4G'l 
to  47'4  per  cent,  of  HBr,  he  concluded  that  on  distillation  the 
hydrate  containing  10  atoms  of  water  is  formed.  According  to 
theory,  this  hydrate  should  contain  47'38  per  cent,  of  11  Br,  when 
the  equivalent  of  bromine  is  taken  as  80.  On  exposing  aipicous 
acid  of  the  above  stren<^th  in  a  closed  vessel  over  dried  potash, 
or  on  piissing  a  current  of  dry  air  through  the  acid,  Bineau  found 
that  the  residual  liquid  contained  from  48*7  to  51*7  per  ceut.  of 
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hydiobromio  acid ;  this  lie  aaomnes  to  be  n  hydnile  ooDtaining 
9  atoms  of  water,  compoaed  tlieoreticaUy  of  equal  wcighta  of  walef 

and  real  acid  (HBr.) 

For  the  purpose  of  determiiiiug  the  exact  relation  of  tlio 
composition  of  aqueous  hydrobromic  acid  to  tlie  tuniperatuix)  of 
ebullitiou,  the  acid  was  prepared  by  shaking  together  pure  bromine, 
water,  and  phosphorus,  added  iu  small  pieces  from  time  to  time, 
until  the  liquid  became  colourless,  the  strong  fuming  solution 
being  freed  by  distillation  from  phosphorus  and  phosphoric  acid. 
The  pure  and  colourless  acid  thus  prepared  was  diluted  to  a  given 
extent  with  water;  and  as  soon  as  the  percentage  of  real  acid 
(UBr)>  which  the  dilated  liquid  contained  had  been  estimated  hj 
accurate  yolumetric  analyaia  with  ailver,  it  was  boiled  in  a  bulb- 
tube  xetofti  under  the  ordinary  atmosfdienc  ptemoae,  until  a 
certain  portion  of  the  acid  had  distilled  over,  when  the  compoiitioifc 
of  the  residue  waa  determined  by  exact  analysis  with  silver. 

In  Table  8  are  aeen  the  reaulia  of  mch  diatillatinni 
with  aqueous^  hydrobromic  acids  of  Yarious  degreea  of  conoen- 
tration :  Column  I  givea  the  barometric  pressure  under  which 
the  add  boiled ;  Column  11^  the  volume  in  cubic  oentimeferes  of 
add  employed :  Column  III^  the  pevoentage  of  HBr  contained 
in  the  original  liquid ;  Column  I the  volume  in  cubic  centimetrea 
of  add  vemiuning  in  iAtt  retorfc  after  the  distillation ;  and  Column 
V,  the  percentage  of  HBr  oontained  in  the  residual  liquid,  being 
the  mean  of  two  analyses,  which  generally  differed  only  in  the 
second  decimal  plaQC. 


Table  8. 


(2) 
(«) 

(6) 

(7) 

(8) 


■  a*»  s 
0-752 

0-753 
0*762 
0*758 
0-762 
0*752 
0-702 


UL, 

111. 

25cbo. 

45-64 

8eb«. 

47-88 

60  „ 

45-58 

8  « 

47*89 

47-80 

25  ^ 

47  7$ 

47-05 

12  „ 

47  80 

20  „ 

47-78 

«  u 

47  01 

47-87 

6  „ 

47 '78 

49-00 

8  „ 

47-71 

25  ^ 

49-51 

10  » 

47-84 

.1 
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If  the  distiUatioQs  are  conducted  under  the  same  conditions, 
the  compositions  of  the  residual  acids  are  identical  (see  Nos.  4 
and  8);  if  the  pliysical  conditions  (barometric  pressure,  and  vohime 
of  liquid  employed)  are  diftercnt,  the  acid  may  vary  in  cora])osition 
about  01  or  0*2  per  cent.,  as  is  seen  iu  one  or  two  of  the  numbers. 
From  the  foregoing  experiments  we  see  tAuA  aqneooB  hydrobromic 
•cid  when  boiled  under  the  ordinary  atmospheric  premire  of  0*76 
of  mercarf,  attains  a  fixed  com^ositioii  of  47'8  per  cent,  of  real 
acid,  or  contains  0'5  per  cent,  mote  acid  than  Bineau's  hypo* 
ihetical  hydrate.   Under  these  cireumstances  it  vaa  found  to  boil 
oonstantly  at  126^.   That  the  point  of  constant  oomporition 
which  aqueons  hydrobromic  add  attains  on  Taporisation^  Is  not 
solely  dependent  upon*  chemical  attractions,  bnt  is  mainly  influ- 
enced by  physical  drcumatances,  is  stiU  more  distinctly  seen  on 
fmmrining  the  change  which  the  aqueous  acid  undergoes  when  a 
oorrent  of  dry  air  is  passed  through  the  liquid  at  a  constant 
temperature.   Through  a  liquid  containing  47*65  per  cent,  of 
real  acid,  dry  air  was  passed  at  the  temperature  of  1G°  for  50 
hours ;  afler  the  lapse  of  this  time,  the  strength  of  the  acid  reached 
51*8  per  cent.,  and  after  the  air  had  passed  for  30  hours  longer, 
the  liquid  contained  51*65  per  cent,  of  real  acid  as  a  mean  of  two 
analyses,  and  had,  therefore,  attained  the  point  of  constant  compo- 
sition.   Hence  it  is  clear  that  neither  of  the  supposed  hydrates 
of  hvdrobromic  acid  has  a  real  existence.    Tn  order  to  deternnnc 
the  point  of  equilibrium  for  other  temperatures,  perfectly  dry  air 
was  passed  through  the  acid  at  100^  contained  in  the  burette 
Fig.  2,  and  the  alteration  which  the  liquid  underwent  was  deter- 
mined.  The  following  results  were  obtained 

D17  air  peaaed  thvoagh  afocoos  add  at  lOO^C 

P.O.  raftl 
aci<L 

(1)  1  ToL aoltl  osBtaining  48-0  p,c  wkw Ndaied  to  |  vol. «MiteiM4  49 *69 
0)        i.         ^     ■  48<9ff  »         „  I  ^       „        49  «T 

(S)         „         „         49-10    „  ^  I   »       »  49-85 

(4)         n  ,»         60  10  „  „  i   »       »*         49  86 

The  aqueouB  add  was  also  distilled  under  a  greatly  increasf^ 
pressure  by  help  of  the  arrangement  represented  in  Fig.  3.  (a)  Fig. 

3  is  a  siiiali  bulb  blown  before  the  lamp,  to  which  is  fused  the 
glai»  tube  {d),  commuoicating^by  a  solid  caoutchouc  btoppcr  with 
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Jiff' tlic  div  ided  manometer  tube  (c),  containinf^  mercury. 
Alter  the  tube  (c)  had  been  filled  with  mercury  to 
the  roquij^ite  l)ri{T:]it,  the  acid  was  placed  in  the  bulb, 
^tt  and  tlicn  the  drawn-out  end  closed  before  the  blow- 
pipe. The  distillation  was  now  commenced  and  con- 
tinued until  the  acid  had  dimitiished  to  a  <;iven  volume, 
wben  the  preamre  was  read  off  irom  the  difference  of 
height  of  the  columns  of  mercury  in  the  two  tubes. 
For  the  purpose  of  obtaining  the  boiling  point  of  the 
add  under  these  circumstances,  ft  thermometer  was 
inserted  into  the  bulb-tube,  and  the  apparatus  made 
air-tij;ht  by  a  joint  of  caoutchouc  and  lead-foil  carefully 
wrapped  with  copper-wire.  Ihider  a  total  pressure  of 
1*952  metres  of  mercury,  the  acid  boiled  at  153*'C; 
analysis  of  the  residual  acid  gsive  the  following 
results : — 


10 


(1)  Acid  containing  48  0  per  cent,  left  after  distil- 
lation a  residnal  liquid  containing  46*80  per 
cent,  of  retil  add  (UBr). 

(2)  Add  containing  46*07  per  cent,  left  after  distil- 
lation a  liquid  containing  46*36  per  cent,  of 
leal  add. 

V.  Hydriodic  Acid, 


Bineau  concluded  that  the  liquid  of  constant  boiling  point 
obtained  by  distilling  a  diluted  or  a  saturated  aqueous  solution  of 
hydriodic  acid  was  composed  of  11  atoms  of  water  to  one  of  real 
add  (HI).  The  residual  acid  contained,  according  to  his  experi- 
ments,, from  5G'3  to  57-2  per  cent,  of  hydriodic  add,  whilst, 
according  to  calculation,  the  11-atom  hydrate  requires  56*89  per 
cent,  of  real  acid.  Aqueous  hydriodic  acid  was  prepared  by  leading 
into  distilled  water  the  gas  evolved  by  heating  a  mixture  of  20 
parts  of  pure  iodine,  14  parts  of  iodide  of  potassium  and  1  i  parts 
of  phosphorus  mixed  with  a  little  water.  The  add  thus  obtained 
of  any  requisite  d^ree  of  concentration  was  perfectly  colourless 
when  preserved  out  of  contact  with  air,  and  although  the  add  was 
always  distilled  in  a  current  of  hydrogen^  it  still  became  slightly 
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coloured,  but  was  not  decomposed  to  such  an  extent  as  to  affect 
the  results  of  the  analysis.  The  composition  of  the  acid  before 
and  after  the  distillation  was  determined  by  volumetric  analysis 
with  silver ;  the  results  of  these  determinations,  as  is  seen  by 
reference  to  the  following  numbers,  arc  closely  concordant ;  care, 
however,  must  always  be  taken  to  have  excess  of  silver  present  at 
the  commencement  of  the  analysis^  otherwise  some  iodine  is 
liberated  bj  the  free  nitric  acid. 

m 

Table  9. 

-  •  • 

Distillation  of  aqneotu  hydriodic  acid  under  .the  ordinary 

atmosphmc  pressure. 
Volume  of  liquid  employed  in  each  experiment  25  cbc. 
„  „    remaining  after  each  distillation  13  ehc. 


Peroentage  of  real 
•eid  takeii. 

(1)  66-50 

(2J  oG70 

(8)  57-24 

(4)  57-17  . 

(5)  6876 


Fwecntage  of  real  add 
la  the  jreaidiie. 

5708 


6708 


Hence  it  is  seen  that  the  acid  of  constant  composition  which 
is  obtained  when  aqueoos  hydriodic  acid  is  boiled  under  the  ordi- 
naiy  atmospheric  pressure^  contains  57*00  per  cent,  of  real  acid, 
and  cannot,  therefore,  be  considered  to  be  a  definite  hydrate  of 
hydriodic  acid.  The  boiling  point  of  this  acid  was  found  to  be 
127^  C.  under  a  barometric  pressure  of  0*774  metre.  In  order  to 
ascertain  the  point  of  equilibrium  for  other  temperatures^  aqueous 
hydriodic  acid  was  vaporized  in  a  current  of  dry  hydrogen  gas  at 
the  temperatures  of  16^  and  100^  Tkble  10  gives  the  results 
of  such  espertments. 
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Table  10. 


Vaporization  of  aqueous  hydriodic  acid  in  a  current  of  dry 
hydrogen  at  ordinary  atmospheric  temperature. 


Tmp, 

(1)  is* 

(»)  16° 

(8)  ir 

W  ir 

(5)  19" 

(6)  19» 


Duttion  of  the 
'  ezperiinent 

41 


PeteenUgc  of  nal    Pomntage  of  real 
add  token.  add  in  reaido* 


15 
15 

10 
6 


ft 


n 


^70 

59*44 

6003 

60-27 

60-21 

60-68 


59*44 

(60-36 
(00-33 

60-27 

(60-4^ 
160*39 

6008 


(00- 
(60- 


49 
42 


Vaporization  of  aqueous  hydriodic  acid  in  a  current  of  dry 
hydrogen  at  100°  until  half  the  liquid  was  volatilized. 


Peroentage  of  real 
add  Uken.- 


(1)  '  56-98 

(2)  59-78 

(8)  58-21 


Peroenf  ago  of  ml* 
add  in  reddua. 

68-49 

58-26 

(58-24 
^58-20 


Ti.  Hydroftuorie  AcUL 

Aqueous  hydrofluoric  acid,  when  boiled  under  the  ordinary 
atinosiphcric  pressure,  attains,  according  to  T^iuean,  a  constant 
eompositiuu  corrLspondiug;  to  the  formula  Hl?l  +'4 HO,  and 
containing  35"9  per  cent,  of  anhydrous  acid. 
■  In  order  to  verify  this  assertion,  pure  atpicous  hydrolluoric 
acid  was  prepared  by  leading  the  gas  evolved  from  a  strong  acid 
heated  in  a  platinum  retort  into  water,  also  contained  in  a 
platinum  vessel ;  tlie  acid  thus  obtained  being  then  boiled  inider 
the  atmospheric  pressure,  and  the  quantity  of  acid  contained  in 
the  residual  liquid  dGltennined,  by  tlurowing  the  acid,  weighed  in 
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a  platinum  capsule,  into  a  vessel  containing  an  excess  of  standard 
soda  solution.  The  quantity  of  free  soda  was  estimated  by  adding 
a  alight  excess  of  test  acid,  and  the  point  of  neutralii^  Wfm 
considered  to  be  reached  when  the  litmus  again  became  coloured 
bloe  on  adding  soda  solation  drop  bj  drop  in  the  cold.  The 
lestdts  of  a  series  of  eiperiments  thos  conducted  are  seen  in 
Table  11^  in  which  Column  I  gives  the  volume  of  acid  before 
bdling;  Column  II  the  percentage  of  HFl  contained  jn  the  liquid 
before  boiling;  Colunm  III  the  volnme  of  HFl  after  boiling;  and 
Column  IV  tiie  percentage  of  Hil  contained  in  the  liquid  after 
boiling. 

Table  11. 


t 

n. 

III. 

IT. 

I. 

n. 

ni. 

IV. 

80ebe^ 

1-2 

• 

8  ebfti 

5-8 

12ebe. 

88*9 

8 

f  37-4 

187  a 

80  „ 
35  „ 

0*2 

11-8 

40  „ 

11  8 

29-0 

24  „ 

88*1 

12 

136  0 

16-6 

f  35  -4 
ld4*9 

1^  „ 

38  1 

6 

r36  -8 
186  -7 

ao  „ 

•0  „ 
80  „ 
S4  ff 

82*0 
85*4 

18d  8 
28*5 

80  „ 

60  » 

85*2 

f  36-4 
t  36-2 

f37  0 
<  37  1 
l87  1 

f  37-6 
187*5 

24  „ 
40  „ 

80  „ 

38  9 
88*0 

41-6 

12 
20 
40 

r38-i 

188*2 

r85*l 
i  88*2 
L88  1 

J  39  1 
188  0 

From  these  experiments  it  is  evident  that  when  aqueous  hydro- 
fluoric acid  is  boiled  in  platinum  vessels  under  the  ordinary  atmo- 
split  ric  pressure,  it  attains  a  composition  vai} mg  from  36  to  38 
per  cent,  of  ltl¥\.  The  great  differences  observed  arising  from 
the  impossilnlity  of  keeping  the  physical  conditions  constant, 
under  which  the  ebullition  takes  place.  We  may  take  the  mean 
37  0  per  cent,  as  rcprrsenting  pretty  closely  the  composition  of 
the  acid  uDaltera))le  by  boiling  in  the  air.  If  a  true  chemical 
compound  between  add  and  water  were  thus  produced,  such  large 

M  2 
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yariatioiiB  in  the  composition  of  the  residual  acid  could  not  have 
been  found.  Vaporized  at  other  temperatures,  this  constaut  hydro- 
fluoric add,  containing  37  0  per  cent,  of  IIFl  underji^oes  change, 
A  portion  of  acid  of  the  above  strength,  obtained  by  ebullition 
was  placed  in  a  pladnnin  crndble  over  quick  lime  inside  a  leaden 
exsiccator  dosed  with  a  lid  having  a  snlphuric  add  joint.  After 
standing  at  a  temperature  of  16*  C.  for  4  days,  the  add  was 
found  to  contain,  in  two  analyses,  36*4  and  86*6  per  cent,  of  HFI ; 
after  remaining  4  days  longer  at  the  same  temperature,  the  liquid 
contained  33*5  per  cent,  of  acid ;  and  when  the  add  had  been 
standing  for  2  more  days  at  the  same  temperature  over  quick  lime, 
it  was  found  to  contain  82*5  and  82*7  per  cent,  of  add.  A  weaker 
acid  was  next  a  a])()ri/,e(l  under  like  conditions  ;  an  acid  coiituining 
31 '6  per  cent,  of  JIFl  j)lacLMl  over  quick  lime  at  15°  attained,  after 
2  days,  a  composition  of  32*  1  per  cent.,  and  after  a  further  exposure 
in  the  exsiccator  for  4  days,  two  analyses  showed  that  it  contained 
32-4  and  32*3  per  cent,  of  IIFl. 

I  bejr  to  thank  mv  assistant  Mr.  Schorlemracr  for  the  al)lc 
help  which  he  has  given  u\q  in  carrying  out  the  foregoing  ezperi- 
ments. 
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Anniversary  Meeting,  Marcli  80^  1860. 

Professor  Brodie,  President,  in  the  Chair. 

The  following  Befokt  was  read  by  the  President: — 

The  number  of  FeDows  of  the  Chemical  Society  has,  daring 
the  last  year,  continued  to  increase ;  26  new  Fellows  have  been 
elected*  8  FeUows  have  resigned,  and  three  have  been  removed  by 
death. 

At  the  last  Anniversary  Meeting,  March,  1859, 

The  number  of  Fellows  was  .  .  .  302 
The  increase  has  been    ....  21 

The  number  of  present  Fellowa  is  .      .  828 
The  number  of  Associates  at  the  last  meeting  was  9^  and 

8  have  been  since  elected. 

It  appeared  desirable  to  the  Council  to  connect  with  the 
Society  a  greater  number  of  the  distinguished  Chemists  of  foreign 
countries.  The  luuuber  of  foreign  members  has  hitherto  been 
limited  to  25.  Application  was  made  to  the  Society  for  power  to 
increase  this  number  to  40.  At  the  present  moment,  however,  it 
has  not  been  thought  expcditnt  to  add  more  than  6  names  to  the 
list,  making  in  all  30  Foreign  Members.  The  names  thus  added 
are  the  well-known  names  of  Berthelot,  DeviUe,  Fr^my, 
Fritzsche,  Mulder,  and  Peligot.* 

The  Council  have  ever  regarded  the  £>rmation  of  a  Library  of 
Chemical  Works,  as  one  of  the  most  important  objects  to  which 
the  fiuds  of  the  Society  could  be  devoted,  and  they  are  especially 
desirous  to  render  it  at  all  times  accessible  and  serviceable  to  the 
Fellows.  They  believed  that  these  ends  would  be  promoted  by  the 
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appointment  of  a  permanent  Librarian  ;  tliis  office  has  been  under- 
taken by  Mr.  Watts,  a  gjentleman  who  is  familiar  witli  the  litera- 
ture of  the  science,  ^fr.  AVatts  is  at  present  engaged  in  preparing 
a  new  catalogue  of  the  books. 

The  following  papefs  have  been  read  at  the  Meetiiigs  of  the 
Society,  rince  the  Aimiyenaij  Meeting  of  1859 : — 

*'  On  the  action  of  Bondc  Acid  upon  the  salts  of  the  more 
volatile  acids  at  high  temperatures,"  by  Mr.  A.  Norman  Tate. 

"  On  Boric  and  Silicic  Acids,"  by  Dr.  Odling. 

"  On  the  action  of  Hydrochloric  Add  upon  Sulphide  of  Mer- 
enzy  in  the  prestooe  of  certain  other  substances/'  by  Mr.  F.  Field. 

"  On  the  absorption  of  Ammonia  and  Hydrochloric  Add 
water/*  by  Dr.  Roscoe.' 

On  Bases  produced  by  Nitrous  Substitution/'  by  Mr.  S.  C. 
Wood. 

''On  the  commercial  estimatioa  of  Nitre,*^  by  Mr.  J.  8. 
Blockley.  ' 

"  On  the  manufacture  of  Sulphate  of  Copper,"  by  Mr.  J.  S« 
Blockley. 

"On  the  saline  atomic  volume  of  Lithium/'  by  Dr.  Odling;. 

"On  the  action  of  Boraeic  Acid  upon  the  Carbonates  of  the 
Alkaline  Eai-ths,'^  bv  Prof.  Bloxam.  ^ 

"On  the  combination  of  Potassium  with  Carbonic  Oiud^/''  ^7 
Prof.  Brodie. 

"  Remarks  on  the  immediate  source  of  the  Carbon  exhaled  by 
the  lun<^s/'  by  Dr.  Edward  Smith. 

"  On  the  Crystalline  Hydrates  of  Baryta  and  Strontia/'  by 
Prof.  C.  Ij.  Bloxam. 

*^  Description  of  an  hermetically  sealed  Barometer/'  by  Mr. 
Richard  Adie. 

"  Note  on  the  purification  of  Escnlm  and  Pariin/'  by  Prof. 
Stokes.  » 

^"  On  tiie  action  of  Pentachloride  of  Phosphorus  on  Tartaric 
Acad"  by  Messrs.  Perkin  and  Buppa. 

"  On  the  Vapour-density  of  Eihylenamine/'  by  Dr.  Hofmann. 
On  the  formation  of  Starch,''  by  Dr.  Moldenhauer. 

*^  On  the  application  of  Electrolysis  to  the  detection  of  the 
poisondos  metals  in  mixtures  oontainhig  organic  matter,"  by 
Prof.  Bloxam. 
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''On  the  Carbonates  .of  .Alumina  and  the  Setquioxidea  of 
Cnromium  ai^  Iron/'  .by,Mr.  Jamea  Barratt.  , 

.    On  refining  Gold  when  alioye(^  with  1^  or  Antimony^  so  aa  ; 
to  render  it  fit  for  the  purpoaee  of  Coinage,''  by  Robert 
TV'arington.  ^  ^   ^,  ..  ..-j. 

,  "  On  certain  sonro^  pf  loss  of  precions^  metal  in  some  opera- 
tians  of  assaying,"  by  Mr.  G.  H.  Makins.,    •  ^  .   r  ,  ,     n  l 

"  On  an  Iron  Sand  iiom  New  Zealand,"  by  Dr.  J.  H.  Glad- 
stone. *  .      .    J   -•  ;i  .        ; . 

"  On  the  composition  of  Air  from  Mont  Blanc,"  by  Dr.  E. 
Prankland.  ,  , 

On  Biniodacctie  Acid,"  by  Messrs.  Perk  in  and  Duppa.  ;  \ 
"  On  some  derivatives  from  the  Olefines,"  by  Dr.  (/uthrie. 
''On  Xew  Zealand  Iron  Sand/'  by  Mr.  E.  Kiley.  -  I  r 

''On  the  action  of  Chloride  of  Ethyl  upon  Ammonia/'  by 
2dr.  Grooves. 

The  following  discourses  have  been  delivered : — 

•  ,  I      »    .    I  '».»•!' 

On  PolyatqfniC'AIoohoV  by  J>K%  Debna. 

Piji  Graphitje/'  by  .Prof,  ^rodie  

*'  On  Gas  Analysis/'  by  Prof.  Williamson. 

•        >         •  • 

During  the  present  year  the  Society  has  lost  by  death  three 
of  its  Fellows,  Mr.  Jacob  Bell,  Mr.  Reginald  Morley,  and 
Dr.  George  Wilson,  Profesflior  of  Technology  at  Edinburgh.  It 
is  the  custom  tu  give  a  brief  account  of  the  lives  of  those  Fellows 
who  are  thus  lost  to  the  Society. 

Mr.  Jacob  Bell  was  bom  in  Oxfordshire;  in  the  year  1810.  ' 
His  father  was  the  founder  of  the  important  Pharmaceutical  ' 
establishment  with  which  his  name  is  thus  connected^  and  at 
17  years  of  age  he  was  apprenticed  to  his  father's  firm.  -  In  the  * 
inien  als  of  businesa  he  atill  found  time  for  aelf-improvementi  and 
attended  the  lectures  on  Chemistry  at  the'^oyal  institution,  and 
on  the  practice  of  Physic  at  King's  College.   He  had  also  a  de- 
cided taste  to  art,  and  receiTed  lessons  on  Painting  from  hja 
fiiend  ihe  Acadamidan,  Mr.  H.  P.  Briggs.'  ^  This  taste  led  him  In 
later  jeara  to  aoqni^  a  valuable  collection  of  paintings,  chieflj  .pf 
the  artists  of  the  English  school.  This  collection  he  bequeathed 
to  the  British'Nation. 

As  the  chief  founder  of  the  Pharmaceutical  Society,  Mr.  Jacob 


rr 


Digitized  by  Google 


168  PROCEEDINGS  OF  THE  CHEMICAL  SOCIETY. 

Bell  had  the  strongest  clainiB  to  the  gratitude  of  his  professkm  aiad 
to  the  conaideration  of  all  interested  in  the  application  of  Chemical 
science.    The  foundation  of  this  Society  was  decided  on  at  a 

public  meeting  held  upon  the  15th  of  April,  1841 ;  but  it  was  at 
meetings  held  at  the  house  of  Mr.  Jacob  liell,  that  its  constitution 
may  truly  be  said  to  have  been  framed. 

•  He  was  a  member  of  the  Council  from  the  commencement  of 
the  Society,  and  rarely  allowed  any  engagement  to  interfere  with 
his  attendance  at  its  meetings.  At  his  death  he  was  its  President. 
He  also  founded  the  Journal  of  the  Pharmaceutical  Society  and 
Transactions,  to  which  he  made  several  liternry  commumcations^ 
and  to  the  support  of  which  he  liberally  contributed. 

These  professional  labours  were  not  unappreciated  by  other 
countries.  Mr.  Bell  was  an  honorary  member  of  various  foreign 
scientific  societies.  He  was  one  of  the  original  Fellows  of  the 
Chemical  Society,  and  also  a  Fellow  of  the  Linnean  and  Zoological 
Society,  and  of  the  Society  of  Arts. 

With  the  view  of  fur^ering  the  interests  he  had  so  moch  at 
hearty  Mr.  Bell  obtained  a  seat  in  Parliament^  and  in  June,  1851, 
he  moved  for  leave  to  hring  in  a  Bill  to  regulate  the  qualification 
of  Pharmaceutical  Chemists,  and  for  other  purposes  connected  with 
Pharmacy,  which,  although  modified  in  many  important  respects 
from  its  original  form,  passed  into  law. 

Towards  the  end  of  the  year  1858,  Mr.  Bell's  health  senously 
declined.  In  the  year  1854,  owing  to  his  exertions  in  public 
speaking,  he  contracted  an  ulceration  of  the  tongue,  from  which 
he  never  thoroughly  recovered.  J  lis  death  took  place  at  Tunbridge 
Wells,  on  Sunday,  the  12th  of  June,  1859. 

Mr.  BelPs  was  an  useful  and  honourable  life.  He  laboured  in 
the  most  disinterested  manner,  for  a  period  of  18  years,  to  raise 
the  standard  of  education  in  his  profession,  and  to  advauce  its  true 
interests.  Greatly  through  his  efforts,  relations  were  established 
between  Practical  Pharmacy  and  Scientific  Chemistry,  which  in  this 
country  had  never  before  existed,  and  the  importance  of  which 
no  Fellow  of  this  Society  can  fail  to  rQCoguize. 

Robert  Keginald  Ingham  Morley  was  born  August  2r)th, 
1820.  A  love  of  science,  which  was  earlv  manifested,  induced  him 
to  enter  himself  lus  a  stude^it  at  the  Poval  Collc're  of  Chemist rv, 
in  184-9,  where  he  continued  his  stiuUes  tor  several  years,  and 
acted  as  Senior  Assistant  to  Br.  Hofmann  daring  the  Winter 
Session  of  1854. 
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In  1851,  he  communicated  a  paper  to  the  Cliemical  Society 
"  On  Propione,  the  Ketone  of  Propionic  Acid/'  and  in  1854  com- 
municated another  paper  to  the  Society  (in  conjunction  with 
Mr.  J.  S.  Abel)  "On  the  action  of  Iodide  of  Ethvl  on  Toluidine/' 

TTc  was  for  some  time  one  of  the  Visitors  of  the  Jioyal  Insti- 
tution. 

Circomstances  led  him  to  give  up  the  study  of  Chemistry  as  a 
profession^  and  subsequently  his  decUning  state  of  health  prevented 
his  making  that  nse  of  his  htboTBtoiy  which  his  lore  of  scienoe 
would  have  prompted. 

He  died  January  llih^  I860,  aged  83. 

George  Wilson*  was  bom  in  Edinborgh,  on  February  21, 
1818.  His  parents^  obsenring  his  quibk  sensibility  and  studious 
habits,  determined  to  give  him  the  best  education  in  their  power, 
and  accordingly  he  passed  through  the  High  School  of  his  native 
city,  entered  its  University  in  1888,  and  gradnated  in  medicine 
si.^  years  afterwards.  Durinj[»  this  time,  he  showed  himself  a 
dilig:ent  and  cntliusiastic  student  of  science,  and  his  mind  was 
directed  more  and  more  towards  chemistry.  After  spending  a 
session  in  London  as  assistant  to  Professor  Graham,  now  the 
Master  of  the  Mint,  he  commenced  giving  public  lectures  at 
Edinbur;;h.  Tliere  lie  was  attacked  bv  a  severe  and  lincrerinff 
illness,  from  whieli  ho  only  recovered  after  tlic  amputation  of  his 
left  foot,  and  with  a  constitution  so  shattered  that  he  never  knew 
afterwards  the  blessinj^r  of  sound  health;  yet  he  rose  from  his  sick 
bed,  not  merely  with  his  former  elasticity  of  spirits  and  enthusiasm 
for  science,  but  with  a  still  nobler  purpose  in  life,  for  thenceforward 
religion  had  the  supreme  control  of  his  thoughts  and  acfioTig.  He 
devoted  himself  to  teaching  his  favourite  science,  first  in  the  School 
of  Arts,  then  in  the  Veterinary  CoU^e,  and  in  the  Extra-academical 
Medicine  School,  while  he  pursued  various  researches,  and  was  a 
frequent  writer  on  philosophical  subjects.  When  it  was  proposed 
to  form  an  Industrial  Museum  in  the  Scottish  capital,  he  was 
selected  as  the  Director,  and  io  him  was  ^trusted  the  collection  of 
the' specimens  and  modek,  a  task  on  which  he  entered  con  amore, 
and  performed  weU.  In  1855  he  was  also  appointed  to  the  newly 
formed  Regius  Professorship  of  Technology,  and  he  gave  courses 
of  lectures  illustrated  by  the  collection  he  was  engaged  in  amassing. 

*  The  obilnarj  nottoe  of  Frofosnr  Wilaoa  hat  b«eii  kindly  coaimiuiiflstad  lay 
Dr.  J.  H.  QlftdAtoDA. 
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But  his  labonn  were  littemipled  by  frequent  attacks  of  illnc^  /  hit 
life  became  every  year  more  precarious;  he  declined  higher  honours';  ' 
and  lecturing  till  within  four  days  of  the  close  of  his  life^  he  died 
an  November  22;  1859*    His  funeral  was  a  public  one,  attended 
by  multitudes  of  ali  <?liisees,  his*  feUow-pofessorsy  -and  pupils^  the 
townspeople  who  had  listened  to  his  popular  lectures,  the  artiiaiis  * 
whose  affeotions  he  had  won  during^  his  teofanolbgieal  inquiries,  and 
a  lai^  nuraber  of  private  friendd  to-  whom  he  was  endeared  by  the 
freshness  of  his  genius;  the  livdiness  and  wH  of  his  disconrsfe,  the  ' 
unselfishness  and  amiability  of  his  character,  and  the  genuineness 
of  his  piety. 

It  was  as  an  expounder  of  science  rather  than  as  a  discoverer 
that  Dr.  Wilson  excelled;  yet,  exdusive  of  *  lectures*  and  larger 

works,  he  published  about  thirty  papers  oil  subjects  connected 
with  Chemistry,  General  Physics,  or  IMiysiology.  Sonic  of  thesfe  ' 
are  to  be  found  in  our  Memoirs  or  Quarterly  Journal,  Others  in  the 
Edinburgh  Philosophical  Transactions,  or  elsewhere.  Many  of 
these  communications  have  for  their  object  the  enforcement  and 
further  illustration  of  the  views  of  other  observers,  and  the  invent- 
ing of  crucial  experiments  for  deciding  between  rival  hypotheses. 
He  boldly  commenced  with  an  "  Experimental  demonstration  of 
the  existence  of  Haloid  salts  in  solution he  then  exploded  the 
reputed  conversion  of  Carbon  into  Silicon ;  but  his  most  complete 
research  of  a  chemical  nature  was  that  into  the  occurrence  of 
Fluorine  in  the  animal,  vegetable,  and  mineral  kingdoms,  on  which 
be  published  a  series  of  papers.  H  is  researches  on  colour-blindness 
belong  of  course  to  another  branch  of  science.  He  was  particu- 
larly fond  of  tracing  the  history  of  inventions  (as  that  of  the  air- 
pump),  and  he  wrote  several  monographs  on  eminent  chemists, 
besides  his  larger  work,  the  ''Life  of  Cavendish.''.  But  Professor 
Wilson's  chief  strength  lay  in  explaining  newly  discovered  ' sden- 
tific  truths,  and  rendering  them  attractive  by  copious  illustrations. 
Hence  his  popularity  as  a  lecturer,  and  suooesil  as  a  writer.  His 
little  book  on  Chemistry,  in  Chambers's  Edudational  Course,  has 
attained  a  salfe  of  twenty-four  thousand^  and  his  treatise  on  the 
Electric  Telegraph,  his  "  Five  gateways  of  kuo\vlt  tl<re,^'  and  other 
small  publications,  have  done  much  to  diil'use  a  taate  for  experi- 
mental philosophy. 

The  Society  then  proceeded  to  the  election  of  the  Council  and 
Offic6rs  for  the  ensuing  year  (for  the  List,  see  page  9i  of  this 
volume.) 
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AprQ^e,  186a 

Dr.  W.  A.  Miller,  Vioe-Fresideiity  in  tbe  Cliair. 
Dr.  Thomas  Andrews  delivered  a  discourse  on  "  Ofone.''  * 

The  following  donations  have  been  received : — 

^Annales  de  Chimie?  (1789  to  1805),  66  vbliimes:  hem 
Dr.  £.  D.  Thomson. 

* 

Jahrboch  der  kaiserlich-koniglichen  geologiaphen  Reichs- 

anstalt,"  No.  3,  fiir  1859:  from  the  Institute. 

"  Chemical  News,"  Nos.  13,  14,  15  :  from  the  Publishers. 

"  Journal  of  the  Society  of  Arts/'  Noa.  380,  381,  382;  from 
the  Society.  *  ' 

"  Journal  of  the  Photographic  Society*'  for  March,  1860 : 
from  the  Society. 

"  Literary  Gazette,"  Kos.  89,  90  :  from  the  Publishers. 

"  On  the  Composition  of  the  Photograpliic  Image,"  by  John 
Spiller,  Esq. :  from  the  Author. 


April  19, 1860. 

Robert  Waring  ton,  Esq.,  in  the  Chair. 

The  following  were  elected  Fellows  of  the  Society : — 

M.  J.  Stark,  Esq.,  Norwich;  J.  A.  R.  Newlands,  Esq., 
19,  West-square,  Southwark;  J.  McDonnell,  Esq.,  71,  Great 
Strand-strect,  Dublin  ;  C.  E.  Longr,  Esq.,  Westcroft-place,  Ham- 
mersmith; E.  Sutton,  Esq.,  Norwich. 

The  following  papers  were  read  : — 

"  On  the  artificial  production  of  Tartaric  Add,"  by  Messrs. 
Pcrkin  and  Duppa. 

"  On  Crystallized  Potassium  and  Sodium,"  by  Mr.  C.  £. 
Long. 

"  On  the  History  of  Cinnamic  Acid,"  by  Mr.  D.  Howard. 
"  On  the  action  of  Sodium  on  Iodide  of  Methyl,"  by  Messrs. 
Waaklynand  Buckheisen. 
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The  following  donations  have  been  received ; — 

"  Bulletin  de  I'Academie  Imperiale  des  Sciences  de  St.  Peters- 
boiirg-,"  Tome  I.,  Feuilks  1 — 9  :  from  the  Academy. 

"  American  Journal  of  Science  and  Arts/'  March^  18d0 :  from 
•  the  Editors. 

"  Canadian  Journal/'  March,  1860 :  from  the  Editors. 
"  Atlantis,"  Na  V. :  from  the  Catholic  University  of  Ireland. 
"  Two  Orations  delivered  before  the  Academj  of  Sciences  at 
Munich  i''  from  the  Academy. 

EqKNrt  of  Experiments  wHh  difTerent  Manmses  on  Per- 
manent  Meadow  Land/'  ^7  .  J*  B.  Lawes,  Es^.^  F.B.S.|  and 
Br.  J.  H.  Gilbert^  F.B.S. :  from  the  Authors, 

MayS/ldGO. 

Fn>fMor  Brodie^  PresLdmt^  in  the  Chair.  * 

William  Proctor,  Esq.,  Petei^ate,  York,  was  elected  a 
Fellow  of  the  Society. 

Dr.  J.  H.  Gladstone  delivered  a  discourse  "  On  Circular 
Polarization." 

^e  following  donations  have  been  received 

'*  Transactions  of  the  Eoyal  Society  of  Edinburgh,''  Vol. 
XXII.,  Parti. 

"  Proceedings  of  the  Royal  Society  of  Edinburgh,"  Session 

:  from  the  Society. 
"  Pharmaceutical  Journal''  for  May,  1860:  from  the  Editors. 
"  Chemical  News/'  Nos.  16—21 :  from  the  Publishers.. 
Journal  of  the  Franklin  Institute"  for  Februaiy,  l&GO: 
from  the  Institute. 

Jonmal  of  the  Photographic  Society^'  for  April,  I860:  from 
the  Society. 

Literary  Gasette,''  Nos.  91 — 94 :  from  the  Publishevs. 
«<  Journal  of  the  Society  of  Arts,''  Nos.  883—887 :  from  the 
Society. 
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May  17/1860. 

Biobei^t  Porrdtt^  Esq.^  Yioe-Presicleht,  ib  the' Chair. 

Hhe  foUqwiag  papers  weiie  read : — 

'*  On  Zine-Meiliyl/'  by  Mr.  J.  A.  Waiiklyn. 

On  «he  Stibethyis  and  Stibmethyls/'  by  G.  B.  Bnektdn. 
"  Onaome  derivatiTea  horn  ibe  defines/'  by  Dr.  Ontbrie. 

The  foUowing  donations  baire  been  received 

"  Proceedings  of  tbe  Academy  of  Natural  Sdenoea  of  Pbiia- 
delpbia,''  Nos.  1—6^  'for  1860 :  from  tbe  Academy. 

Journal  of  the  Society  of  Arts/'  No.  888,  889, 890 :  from 
tbe  Society. 

"  Jounial  of  tbe  FranUin  Institate*'  for  March  and  April, 
1860 :  from  tbe  Institute. 

"  Quarterly  Journal  Of  tfa6  Geological  Soctety/'  Hay,  1860 : 
from  tbe  Society. 

"  Address  delivered  at  tbe  Anniversary  Meeting  of  the 
Geological  Society  of  London/'  February,  1860,  by  J.  Phillips, 
Esq. :  from  the  Author. 

*'  Journal  of  the  Photographic  Society,"  May,  1860 ;  fi*om  the 
Society. 

"  Chemical  News,''  Nos.  22,  23 :  from  the  Publishers. 


June  7, 186a 

Professor  Brodie,  President,  in  the  Chair. 

Dr.  Frankland  delivered  a  discoui'se  on  Organo-metallic 
bodies. ' 

The  following  donations  have  been  received :— • 

"  Denkschriften  der  kaiserlichen  Akadcmic  dor  Wissenschaften 
(maibematiacb-naturwissenschaftlicbe  Klasse).   Band.  XYII.'^ 

*'  Sitaungsbericbte  der  kaiaeriioben  Akademie  der  Wisaen- 
achaften.  No.  10— 28.^' 

Bitter  su  den  Banden  XXI  bia  XXX 

from  tbe  Academy. 
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"  Jahresbcricjiit  i'lir  ^I^L^orolgie  ujqcI  J£rduiaguetismu8.  Band 
VI  fur  185  i."  ■ 

"  Almauaeh  jdcx  k^^rlid^en  Akadgmie  .  dcr  .Wisseuscbaftcu 
.fur  18i9:"" 

*     *  from  the  Academy. 

"Journal  of  U^e  Spciety  of  Arts,  391^-393:''  i^om  the 
Society. 

".Chemical  News,  Nos.  24 — 26:"  from  the  Publishers. 
" Pharmiiceatical  Journal  for  June,  I860  :"  from  the  Editor. 
"  Literary  Gazette,  Nos.  95 — 98  : "  from  the  Publishers. 
"Elements  of  Chemistry,''  by  William  Allen  Miller^  M,D. 
Part  I,  "  Chemical  Physics  :"  from  the  Author. 

ExpesniAeiital  Inqoiiy  iato  the  CgmpoeitHMi  of  eooMof  the 
Animals  fed  and  sUngbtered  for  Humui  Food/'  by  J.  B.  Iiawea, 
jBkq.,  P.RJS.,  and  Dr.  J.  H.  Gilbert,  F.R.S. :  from  the  Authors. 
Kepertcny  of  Patent  Inventions/'  18  .▼olnmes; 
''Newton's  London  Journal  of  Arts  and  Seienoes^^ 

from  Messrs.  De  La  Bue. 


June  21, 1860. 

Thomas  Graham^  Esq.^  in  tbe  Chair, 

The  following  papers  were  read : — 

*'0n  Baiidrimont's  Protosulphide  of  Carbon/'  by  Lyon 
Playfair,  C.B.,  F.R.S. 

"  On  the  composition  of  Hydrated  Acids  of  Constant  Boiling 
point,"  by  II.  E.  Koscoc,  Ph.D. 

On  Acctoxybenzamic  Acid,  an  isomer  of  Hippuric  Acid^"  by 
O.  C.  Foster^  Esq. 

''On  tbe  employment  of  Saccharate  of  lime  as  a  Normial  Alka- 
line Solution  in  Volumetric  Analysis/'  by  F.  Maxwell  Ly  te^  Esq. 

The  following  donations  have  been  reoeiTed : — 

"Philosophical  Transactions/'  from  Part  II  for  1854  to  Part  II 

for  1859  :  from  the  Royal  Society. 

"  Observations  made  at  the  Magnctical  mid  Meteorological 
Observatory  at  St.  Helena/'  Vol.  IL :  presented  by  order  of  the 
British  Ooverumcut. 
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Monthly  Notices  of  the  Royal  Astronomical  Society/'  No.  7: 
from  the  Society* 

Chemical  News,^  Nob.  27,  28 :  from  tiie  PahUshera. 

Twenty-seyenth  Annual  Report  of  the  Royal  Cornwall 
Polytechnic  Society :  **  from  the  Society. 

"  Journal  of  the  Society  of  Arta^''  Noa.  395:  from  the 
Society. 

Literary  Gk»ette/'  Noa.  99—108 :  from  the  Pnbliahera. 
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XIX. — On  Organo-m^aUic  Bodiet, 

A  Discowne  fMhm^d  t9  ike  Memiers  nfth^  (^^fmieal  Society 

q/  London, 

Bt  Dr.  E.  Feanklandj  !F.R.S. 

AiAHOUGH  organo-metaUic  bodies^  as  a  distinet  class  of  organic 
GompoiiiidR^  m,  with  one  exception^  the  creation,  of  the  hiat  ten 
yean,  yet  the  derivatlTeB  of  these  bodies  have  beekL  known  for  a 
much  kmger  period,  From  |he  time  that  an  organic  add  was  tot 
united  with  a  metallic  base,  these  organio  compounds  containing 
metals  date  their  existence.  It  is  true  that  such  compounds  con^ 
taining  a  metallic  constituent  hare  not  been  regard^  flrom  this 
point  of  view ;  but  a  little  consideration  wiU  serve  to  show  that 
they  stand  in  the  same  relation  to  organo-metallic  bodies  in  the 
strict  sense  of  the  term,  as  the  ethers,  alcohols,  acids,  and  numerous 
other  organic  families  occupy  with  regard  to  the  alcohol-radicals 
from  which  they  are  derived.  Thus  zinc-ethjl  yields  by  oxidation 
etliylate  of  zinc ; 

ZnC^H,  +  O,  «  ZnO,  CJifi 

Zine-etlqrl.  StbylAte  of  aine. 

a  body  which,  although  unknown  until  formed  by  this  reaction, 
has  undoubted  and  well-known  analogies  in  the  ethylates  of  potash 

and  soda. 

By  suitable  processes  of  oxidation,  ethylate  of  sine  may  be  con- 
verted into  acetate  of  sine. 

ZnO,Cjr50  -f  0^  =  CJIaZnO^  -f-  HjO, 
BUtjIfrto  of  fia»,  Acetete  of  uoo. 

The  ethyl-compounds  of  potassium  and  sodium  also  pass  through 
analogous  phases  of  oxidation. 

Again  potassium-ethyl  and  sodium-ethyl,  under  the  influence  of 
carbonic  acid,  yield  the  propionates  of  potash  and  soda : 

PotiMliiiii'etlurl*  Pfopionate  of  potMh. 

NaCJIg  +  CjO^    «  CfiII,NaO, 
go<iiuni^tbjl.  Prvpiooato  of  soda. 
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The  same  result  may  also  probably  bo  reached  by  two  distinct 
stages,  viz.,  first  by  the  conversion  of  potassium-ethyl  and  sodium- 
ethyl  into  the  ethylates  of  potash  and  soda : 

+  =    C^H.O,  KO 

PotaBaium-«lhyl.  EUgrlate  of  potaah. 

and  secondly  by  the  action  of  carbonic  oxide  upon  theee  bodies : 

Ethytote  of  pottali.  Ftoplomite  of  potulL 

The  Mcond  stage  of  this  convenion  has  not  yet  been  experi- 
mentally  realized,  bat  Berthelot's  mgenions  production  of  Ibrmiate 
of  potash  ftom  carbonic  oxide  and  hydrate  of  potash  exhibits  an 
homologoas  reaction. 

These  examples  serve  to  point  out  the  relations  existing  between 
organo- metallic  bodies  in  the  usual  acceptation  of  the  term,  and 
that  far  more  numerous  class  of  derivatives  to  which  the  same 
name  might  without  impropriety  be  applied ;  and  it  is  now  only 
necessary  to  remark  that  the  prcst  nt  disroursc  will  be  confined 
to  the  consideration  of  organo-raetaiiic  bodies  in  the  usual  and 
more  restricted  sense  of  the  term. 

Farmathn    OrffmuhmefalUe  BaS^, 

Organo-metallic  bodies  admit  of  being  prodaced  by  a  gmt 
variety  of  processes;  but  these  numerous  methods  of  formation^ 
with  very  few  exceptions,  admit  of  being  grouped  under  four  heads. 

1,  FbrmaHon  by  tanon  qf  the  orgamc  radical  in  statu  na^cc/Ui 
with  the  metaL 

Upon  this  method  depends  the  production  of  zinc-ethyl,  the 
reaction  being  usually  expressed  by  the  following  equation : 

Iodide  of  etlqrl.  Zino-ethyL 

It  is,  bowever,  very  doubtfbl  whether  this  equation  correctly 
expresses  the  actual  change  which  occurs  in  the  production  of 
sine-ethyl.  It  has  long  been  known  that  this  body  is  found  in  a 
free  state,  in  very  small  quantity  only,  amongst  the  products  of  the 
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vetction  of  zinc  npon  iodide  of  ethyl^  but  that  there  exists 
amongst  these  products  a  crystalline  body  which  contains  zinc, 
ethyl,  and  iodine,  and  which  maj  be  regarded  as  formed  ^^wyHiffg 
to  the  equation : 

+  Zn,  =  Zn,  {^*^* 
Iodide  of  etbjL  EUuodide  of  zinc. 

This  compound  is  decomposed  at  aboat  150^  yielding  iodide 
of  anc  and  sincethyl : 

SOiiodidtt  of  stne.  ZuMethyL 

Contemporaneously  with  the  first  of  the  above  reactions,  there 
occur  others  in  which  ethyl^  hydride  of  ethyl,  and  ethylene  are 
produced.  The  separation  of  ethyl  in  this  reaction  is  doubtiesa 
due  to  the  direct  action  of  sine  upon  iodide  of  ethyl : 

Iodide  of  «ihyl.  Btliyl. 

whilst  the  appearance  of  the  secondary  products,  ethylene  and 
hydride  of  ethyl,  results  from  the  action  of  the  ethiodide  of  sine 
upon  iodide  of  ethyl : 

Xibiodide  of  sine.   Iodide  of  etb^l.  Hydride  of  ehtjL  Ethjleae. 

a  view  whicli  is  supported  by  the  behaviour  of  sodium -ethyl  in 
contact  with  iodide  of  ethyl.* 

^"{cifig  =  ^O^n^    +  +  2KI 

FotnMinm-«th;l.     Iodld«  of  otliyl.      Xthyloiia.       ^drido  of  etbyl. 

Notwithstanding  the  intermediate  stage  just  indicated  in  the 
production  of  sine-ethyl,  the  final  result  of  the  reaction  is  correctly 
expressed  in.  the  first  of  the  above  equations. 

*  FkoeoodingBof  Boyil Soc,  fiA.ix,p»  US. 
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2^'methyl  and  zinc-amyl  are  produced  in  a  perliectljanalogcnu 
manner,  but  no  attempt  has  yet  been  made  to  form  the  coffe* 
spending  compoands  of  the  remaining  alcohol-radicals. 

The  same  method  of  formation  yields  eadrnkum^Ukglf^  vhen 
iodide  of  ethyl  is  digested  with  cadmium  at  a  temperature  of 
from  100°  to  ISO""  a 

%^*^^]^    +    Cd4    =    C^«{c;h'  + 
Iodide  of  ethyU  Cadmium-otUjrl* 

In  this  case  alto  there  appears  to  be  an  intermediate  stage  in 
the  process,  probably  quite  analogous  to  that  noticed  in  the 

production  of  zinc-ethyl. 

The  temperature  at  which  tlie  cthiodidc  of  cadmium  thus 
formed  is  decomposed  (177°  C.)  is  considerably  higher  than  tliat 
required  for  the  decomposition  of  tlie  corresponding  zinc -compound, 
in  consequence  of  which  a  small  proportion  only  of  cadmium-ethyl 
is  ol)tained,  the  remainder  being  broken  up  into  otlicr  products. 
This  circumstance  has  hitherto  prevented  the  complete  inves- 
tifjation  of  cadmium-ethyl.  The  experiments  of  Wauklya  how- 
ever scarcely  permit  its  existence  to  be  doubted. 

No  other  organo-cadmium  compounds  have  been  formed* 
Treated  with  iodide  of  ethyl,  magnesium  gives  magnesium 
ethylf^  the  reaction  commencing  briskly  at  ordinary  temperatures, 
but  requiring  a  heat  of  120®  O  to  180^0  for  its  completion : 

Iodide  of  ethyl.  Mu^uetuimi-ethyL 

The  homologous  reaction  with  iodide  of  meihyl  appears  also  to 
yield  magne^un^methyl.X 

Similarly  treated,  aluminum  yields  at  temperatures  from  lOCP  to 
180°     alumiidum-eihyl  and  tUrnmnkm-tnethyl.^ 

*  Wanklyn,  Cbem.  Soc.  Qu.  J.,ix,  198. 
t  0»liour%  Attn.  Ob.  Fliyi.  [Si  Vrtii,  17.      t  Ibid,  p.  19.      i  Ibid,  p.  SO. 
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Doable  oomponiids  of  aliiminimn»ethyl  and  alrnninmm-inethyl 
'With  the  iodide  of  almniiiiuni  are  here  Ibnned^  and  the  organo- 
almnminm  bodies  bare  not  yet  been  obtained  with  eertamty  free 
firom  iodide  of  aluminium. 

Gludnum-ethyl*  appcai-s  also  to  be  formed  under  similar  cir- 
cumstances, but  its  existence  has  not  yet  been  confirmed  by 
analysis. 

Organo-compounds  of  Tin. — Although  these  bodies  can  be 
obtained  by  other  processes,  the  general  method  we  are  now 
considering!:  is  doubtless  the  most  convenient  mode  of  producing 
roost  of  them.  Tin  is  capable  of  forming  three  distinct  classes  of 
binary  inorganic  compounds  which  may  be  represented  by  the 
following  general  formulie : 


Sn^ 


This  threefold  atomic  character  of  the  metal  tin  renders  the 
result  of  its  action  upon  the  iodides  of  the  alcohol-radicals  con- 
siderably less  simple  than  those  we  have  hitherto  considered. 
Without  taking  into  account  eompoonds  to  which  a  still  more 
complex  constittttion  has  been  assigned,  the  existence  of  the 
following  series  of  organo-metallic  bodies  contaiidng  tin  has  been 
established  :t 

Isi  Scrici  4nd  Scries.  Srd  Series. 


Sn^ 


[1%  ^^{IX  s»,|k+ 


4th86rie8.  mBuSm,  ethSwies. 

rR+  rK+  (fR-h 


^''^11+  ^^^R+ 

(e+  (b-  (r- 

^^^^  « 

The  second  and  fourth  of  these  series  hBTe  not  yet  been 
prodnoed  by  the  method  we  are  now  considering. 


*  Os^ovr^  Abil  Ch.  Phys.  {3],  Iviii,  81 

•it  In  Uiese  foimnla  B-f  npre^nts  a  poeitlTe  organic  radical,  and  R —  a  negative 
radical :  no  ncgstire  OKganic  nuUcal^  m  bucI^  Jim  yet  be^  iateoduood  into  their 
eompoondt. 
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PiBST  Series.    Stannous  eihide  ^Sn^  |c^|i^)  '^^  produced  in 

small  quantities  by  the  action  of  heat  upon  a  mixture  of  iodidt 
of  ethyl  and  tin : 

Iodide  of  ethjL  Staaaouii  ethide. 

Siamums  meihide  ta  donbdess  formed  ander  nmilar  conditions : 

lodido  of  nethjrl.  Stuiaoitt  metliida. 

The  THIRD  SERIES  of  staun-organic  compounds]  are  formed  by 
the  following  reactions : 

2>i^|     +    Sn,  Snjjc,Il3    4-  Snl 


Iodide  of  metiijL  Dimctiuodido  of  tin. 

2C4H^J    +    Sn,    «    Snajc^ll^    +  Snl 
Iodide  of  ethjh  .Dlotbiodido  oT bin. 

FivTH  Sbkibs.  The  following  chemical  changes  express  the 
mode  of  formation  of  compovnds  belonging  to  this  series : 


lodido  of  meihyL  Stomiie  lodotrimetbido. 

Iodide  of  ctbyl.  Stannic  lodotrictbide. 

SiZTB  Sbbixb. — ^The  most  abundant  products  of  the  action  of 
tin  upon  the  iodides  of  the  alcohoUradicals  belong  to  this  series; 
indeed,  if  the  action  be  produced  by  light  instead  of  heat,  this 
series  of  bodies  is  formed  almost  to  the  complete  exclusion  of  the 
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others.  It  JBnaOBuary,  however^  to  lemaik  that  the  materials 
exposed  to  light  shoold  be  completelT^  excluded  from  atmospheric 
oxygen^  otherwise  the  liquid  assumes  an  orange  colour^  and  the 
action  is  so  effectually  arrested  that  an  exposure  for  several  months 
to  sunlight^  concentrated  by  a  parabdic  mirror,  will  scarcely  pro- 
duce any  appreciable  change.  The  following  leacfeioiis  explsliL  the 
formation  of  bodies  belougiug  to  this  series : 

2     H3  I  ^ 


Iodide  of  methji 

2^4  H5  J     +  sn^ 


Iodide  of  olhjL 

2^10^1,1  ^ 


Iodide  of  amyl. 

It  is  evident  timt  three  series  of  tin-compounds  are  still  wanting 
to  complete  the  category,  viz. : 

IZ  SB,  R- 
E  -  ~ 

It  is  somewhat  remarkable  that  no  organo-tin  compounds  con- 
taining only  one  equivalent  of  positive  radical,  have  hitherto  been 
produced.  The  inference  to  be  (hawn  from  this,  that  such  bodies 
do  not  exist,  must  be  cheeked  by  the  fact  that  no  special  attempts 
haye  yet  been  made  to  form  them. 

(hyanO' compounds  of  Mercury.^The  reaction  of  meronry  upon 
the  iodides  of  the  alcohol-radicals  gives  rise  to  two  series  of  organic 
componnds^  the  general  formulie  of  whidi  msy  be  thus  wattm  s 


BUnnic  dimetUodido. 


Btaimio  diotUodids. 


C,aH, 
I 
I 


Btoiinic  duuuyliodide. 
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lei  Seriea.  2nd  Scries. 

The  fint  ieries  only  of  these  hodies  .can  be  produced  hy  tSie 
geaend  mode  of  formation  now  nnder  consideration;  but  tbe 
members  of  the  second  series  are  readily  obtained  by  the  action 
of  an  oiigano»ranc  compound  upon  those  of  the  first. 

For  the  prodnction  of  the  first  series  of  these  bodies^  the  action 
of  light  is  essential^  except  in  the  case  of  merCAric  iodo-allide,  no 
elevation  of  temperature  being  capable  of  producing  the  chemical 
change.  The  fiilloldug  equations  sufficiently  exhibit  the  nature  of 
the  reactions 

^*^>}    +  Hg 

Iodide  of  meUgrl. 

+  Hg 

Iodide  Of  ethyL 

""^f]  +  ttg 

ledideofell^ 

For  llic  productiou  of  the  methyl-compound,  bright  sunliglit 
may  be  employed;  hut  the  reaction  for  the  cthyl-body  must  bo 
conducted  in  diffused  daylight  only,  otherwise  no  orjxaiio-mctallic 
compound  will  be  produced,  the  ethyl  bring  eliminated  chiefly  as 
sucb^  but  partl/j  also^  as  hydride  of  ethyl  and  ethylene : 

Joditlc  of  cthyL  Ethyl. 

a^*^{s|   +  Ilgj  =  2HgI  +  +  c^H^ 

Iodide  of  etl^I.  Hydride  ofeUiy].  SUiylenei 

In  addition  to  these  bodies,  compounds  containing  arsenic  and 
antimony  can  also  be  produced  })y  this  general  mode  of  formation ; 
but  they  are  obtained  with  greater  facility  by  the  second  method^ 
which  will  now  be  described. 


Meniuie  iodometliide. 

=  Hg{C«^» 

Meieofie  iodoetliideb 
Mercnric  iodo«Uideb 
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2.  Formation  of  oryuno-metaU'tc  bodies  by  the  action  of  the  rcapcc- 
tive  metals  alloyed  with  polassium  or  sodium  ujHm  the  iodides  of 
I  the  alcohoUradicala^ 

The  principles  involved  in  this  second  general  mode  of  produc- 
tion arc  essentially  similar  to  those  in  the  first,  but  there  is  licic 
leas  tendency  to  i'urra  compounds  containing  negative  as  well  as 
positive  radicals.  This  method,  although  not  capable  of  such 
general  application,  is  more  especially  adapted  to  the  formation  of 
the  organic  com})onnds  of  the  polyatomic  metals.  The  simulta- 
neous production  of  an  organo -potassium  or  sodium  compound 
need  not  be  feared,  since  such  compounds  cannot  exist  in  the 
presence  of  the  iodides  of  the  alcohol-radicals. 

This  mode  of  formation  will  be  suiBcientlj  illustrated  by  tho 
following  reactions : 


Ar^iC'Compounds, 

Iodide  of  motlijrl.  OftoodiyL 

Iodide  of  elltjrL  Etkyl-cacodyl. 
8^a*f3|   +  As  jKa  «  As  jc  .Hj  +  8Kal 


  (Na  (CaHa 

lodido  of  motlqrk  TrimetbylanliM. 

8^*\'4    +  As-^Na  =  A8-^C,II,  +  3NaI 
Iodide  of  elb^k  Thctbj]ftnuao. 

rc,Ti3 

4        \   +  As  ^  Na  «  As  <  C^H,  +  8NaI 

 ii_         (Na  C^IlJ 

lodido  of  jnethjl.  \  I 


Iwlidc  of  toira- 
methjrUrBon  iam. 
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C^H 


lodidQ  of  metbyi 


(Na 


.J 

|c,„. 

1 

+  dNal 


Iodide  of  tctra- 
etbjlanouium. 


AtUimony-compounds* 


8  ^3^3 


} 


+  Sb 


liKlidc  of  mt'tUyL 
Iodide  of  eUijrL 


Iodide  ofangrL 


Iodide  of  methyl. 


lodidu  of  etbj'l. 


Iodide  of  emyl. 


(Na 
-{Na 
(Na 


4^2"^  I    4.  SblNa 
^    >  (Na 


4C4H6  1    ^  Sb|Na 


4^10^11 1    +  Sb^Na 


=  Sb 


(Na 

Sb- 

(Na 

(Na 

Sb- 

{Na  « 

(Na 

Trimuthvlslibiue. 


Triolbj'lKtibino. 


Sb 


•j^ioWii 

(^10^11 


THemrUtibiiie. 


^  Sb 


C,Il3 


c 
c 


=  Sb 


C4H5 


Iodide  of  tctre* 
thjktiboiiiiiiii. 


Sb 


+  3NaI 


+  3NaI 


+  3NaI 


+  8NaI 


lodidr  of  t'  frrv- 

meUij'Uiti  bu  It  1  u  m. 


+  3NaI 


Iodide  of  tetia- 
mrleUbonioxn. 


+  3NaI 
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2  ^a^^s 
I 


+  Sn 


Tin-compowuU. 

(Na  _ 


C2H3 


lodido  of  methjrl* 


Btannous-mcthide. 


} 


+  Sn, 


+  3NaI 


Iodide  of  methyL 


*  1 


} 


+  Sa, 


SUim-fiesqui  m  u  thide. 

CoH, 


+  4NaI 


loiliilc  of  mcthj'l. 


Stannic  mcthide. 


Analogous  reactions  also  represent  the  formation  of  the  corre- 
sponding compounds  containing  ethyl  and  aiuyl. 

Na 


8 


} 


+  dNal 


Iodide  pletiiyL 


Flnmb^eiqiiieUiide. 
Bumuth^-compound* 

Bi^Na    «      Bi^C^Hs  + 
(Na  (C,H, 


8NaI 


lodido  of  eOij]. 


Bifl-triethidOb 

Telhirluiii-compoumh. 
Organo-tcUuiium  compounds  are  formed  by  a  modification  of 
this  method,  which  consists  in  distilling  tclluride  of  potassium 
with  sulphovinate  of  potash  and  its  Lomologucs. 

2(C2H30.S03  +  KO.SO3)  +  2KTe  «  To,  j^^Ha  +  4(K0.S03) 

Sulphomcthylate  of  poUwh.  Tdlnrinm-methyL 

The  ethyl  and  amyl  oompoandB  are  prepared  by  homologooB 
reactions. 

8.  Formation  nf  orffono-metalHc  Miea  by  the  action  qfthe  xine» 
conymmds  of  the  or  game  radieaU  t^pon  the  haloid  eon^pounde  either 
qfthe  metali  themeehfee  or  tf  their  organo^derivatives. 

For  the  production  of  organo-motallic  bodies  containing  less 
positive  metals  than  zinc,  this  method  is  perhaps  not  only  the  most 
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convenient,  but  also  capable  of  the  most  general  application.  Com- 

pounds  containing  mercury,  tin,  lead,  antimony,  and  arsenic,  hare 
been  thus  produced,  but  it  has  failed  wlicn  applied  to  the  haloid 
compounds  of  copper,  silver,  and  platinum,  for  although  these 
bodies  arc^  violently  acted  upon^  the  organic  group  does  not  unite 
with  the  metals. 

The  following  reactions  represent  the  present  state  of  our  know- 
ledge with  regard  to  this  method  of  formation ; — 

jaiercury-compounds, 

2iiie*meth]fl.  Merearie  methida. 

Zinc-mcthyl.  Hercaric  chloromuthide. 

•    ^  {c:":  =      {a  '      {cf'  +  aznci 

Zinc-etliyl.  Mercuric  cbloreUude. 

MercuToiia  ethide  and  mercnroiu  methide  have  ftot  yet  been 
obtained  either  by  thia  or  any  other  prooefla.  The  instaliitity  of 
mercurona  compounds,  aa  seen  in  the  inorganic  oxide  and  iodide, 
ia  brought  to  a  dimax  in  organic  mercuroua  compounda;  the 
latter  are  instantly  transfimned  into  metallic  mercury  and  the 
more  atable  <Ncgano-mereaiic  compounda.  Thua^  when  ainc-eth]^ 
acta  upon  mercuroua  diloride»  tiie  following  change  reaulta : — 

Zn,  +  2HgCl  =  Hg  I^^J^s  +  Hg  +  2Zna 


Ziiw-etlijrL  llwenric  etbid«. 

Tin-compounds. 

(.Cl  (C,H. 


Digitized  by  Google 


FSAlfKLAND,  ON  OSaANO-MEXALLlO  BODIES. 


189 


Zn 


-i-  2ZuI 


Zliie<6tlvL 


StMUiic  diethiodidAi 

CI  . 


StMinic  ethld«. 


(C4115 

(  CI 


+  6ZaCl 


CUoKrtrieUiide  of  tin. 

Sa«-<^*i?.«  +  2ZaCi 


Zim^ethyL 

Ziiic-€tb>i. 


+  SoCl 


Znl  /aiL  ^ 

Ziucoatannous  ethide. 
C.H. 


2Znl 


C,H3 


Sno^UijL    StAimic  di-iudocihide.  Suimic  diethylomothide. 


C,H3 


+  2ZI1I 


ZiAO-etbjl.    SUuuuc  iodo-triiaothidd.  Staimio  ethjrlotnmethide. 

Lead-compound, 

The  following  is  the  only  reaction  which  has  hitherto  been 
effected  by  the  method  which  we  are  uow  considering ; — 

+  »Pba  «  Pb  I^^IJs  +  Pb  +  aZnCl 


7n  ^CJIj 


Ziiic-«thjrL 


dZn. 


lc,n 


Plnmbic  eUude. 

Antimony -compounds. 

rci 

2Sb  r\ 
(Ci 


:i  rc^H 


+  ezuCi 


Zine-metliyl. 


TriaMthybiibiiit. 
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 (Cl 

Zine-eiLyl.  TrititiijUtitiine. 

Arsenic -compounds. 

(C  II  P  f^«"3 

ZinO'BMthyL  TrimethykninA. 

(Cl  (CJI, 


Ztnc-etfayL  TxieUiylaniiie. 

4.  ForuKition  of  oryano-inciall'ic  bodies  by  the  (Tisj)l(ireinent  of 
a  metal  in  an  oryano-metallic  compound  by  amther  and  mare 

jjositive  metal. 

W  an  k  1  y  to  whom  we  are  indebted  for  this  mode  of  formation^ 
r^^ards  tliis  displacement  of  one  metal  by  another  as  a  case  of 
true  electrolytic  decomposition.  He  thinks  that  in  zinc-ethyl,  for 
instance,  ethyl  is  the  electro- negative  and  zinc  the  electro-poeitive 
member :  sodium  being  more  electro-positive  than  zinc,  replaces 
the  latter  metal,  and  forms  sodium-ethyl.  But  he  supposes  that 
where  the  original  organo-mctaliic  body  contains  a  metal  less 
electro-positive  than  the  hydrocarbon  radical,  then  the  latter,  and 
not  the  metal,  would  be  eliminated  by  contact  with  a  more 
positive  metal.  Cacodyl,  for  instance,  when  treated  with  sodium 
should  give  methyl  and  arsenide  of  sodium : 

Cacodvl.  Arucnidc  of  bodium.  Methyl. 

This  view,  the  correctness  of  which  is  nioro  than  probable, 
is  supported  by  the  action  of  potassium  and  of  zinc-ethyl  upon 
ammonia : 


Ammonia.  Po(MMmld«. 
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A«n«iiwtW  SSbwetlqrL  ^~^Mt  HjdrideofeibjL 

In  accordance  with  tliis  hypotliesis,  Wanklyn  considers  that 
the  ethyl  in  sodium-etliyl  would  be  displaced  by  copper,  mercury, 
platinum,  &c.,  and  that  8odiuni-(  tliyi  ia  only  in  equilibrium 
with  bodies,  whose  respective  positions  in  the  electrical  scale 
are  either  both  of  them  within,  or  both  of  them  without,  the 
space  lying  between  the  electro-positive  sodium  and  the  electro- 
negative ethyl. 

This  fourth  mode  of  producing  organo-metallie  bodies  has 
hitherto  been  applied  only  to  the  formation  of  sodiiini  and 
potassium  compouuds,  or  rather  double  compounds  (jf  these 
bodies  with  ziuccthylj  according  to  the  following  reactions : 

+   =  (^^°»  {cA  +  + 

SStnoett^L  Doable  oomponnd  of  aodimn-elkjl  and 

ZiaMUgrl*  Doable  oompoand  ef  potossiuntetiijl 

end  ziso^thfL 

Sodium  also  displaces  mercury  from  mercuric  ethide :  sodium- 
ethyl  seems  to  be  formed,  but  the  exact  nature  of  the  reaction 
has  not  been  ascertained. 


Pbofsbtibs  o7  Oboano-metallic  Bodies. 

The  organo-metallie  compounds  as  a  class  are  distinguished  for 
the  extraordinary  energy  of  their  affinities.  With  certain  (\\t  i  p- 
tions,  presently  to  be  noticed,  their  disposition  to  unite  witli 
negative  eleiiieiits  incivasL's  with  the  positive  character  of  the 
metal  and  with  the  smallness  of  tlie  atomic  weight  of  the  alcohol- 
radical.  Thus  organo -potassium  and  sodium  compouuds  possess 
more  chemical  energy  than  those  of  zinc,  whilst  the  latter  are 
more  active  than  the  compounds  of  arsenic,  antimony,  tin,  or  lead. 
Again,  in  the  series  belonging  to  each  metal,  the  niethylie  com- 
pounds arc  more  energetic  than  the  ethylic  ones,  whilst  the  last 
greatly  surpass  the  amy  lie  compounds  in  this  respect,    iiut  whilst 
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tbese  ipeneral  prindploB  govern  the  chemical  energy  of  organo- 
metallic  bodies^  their  efibct  appears  to  be  modified  by  the  degree 
of  saturation  in  which  the  metal  exists.  Although  this  circum- 
stance  has  hitherto  received  only  very  partial  elucidaition,  yet 
we  have  evidence  of  its  existence  in  the  case  of  organo-tin 
compounds.  Both  stannous  ethide  and  stannous  methide  com* 
bine  directly  with  atmospheric  oxygen,  and  the  union  takes  place 
with  tolerable  rapidity;  but  neither  stuunic  ethide  nor  stannic 
methide  is  in  the  least  degrei^  aeted  upon  by  free  oxygen  at 
ordinary  temperatures;  even  iodine  acts  upon  them  with  diffieulty. 
This  diminution  of  chemical  energy  in  organo- stannic  compounds 
cannot  Ix)  ascribed  to  the  mere  influence  of  the  additional  weight 
of  hydrocarbon  wiiieh  they  contain,  since  stannous  amylide  readily 
unites  with  free  oxygen  at  ordinary  temperatures,  although  the 
single  molecule  of  amyl  which  it  contains  is  considerably  heavier 
than  the  double  atom  of  either  methyl  or  ethyl  present  in  the 
organo-stannio  compounds  just  cited. 

Organo-metallic  compounds  in  a  state  of  partial  satmration  play 
the  part  of  compound  radicals.  They  are  uniatomic,  biatomic, 
teratomic,  or  quadratomic,  according  to  the  number  of  molecules 
requisite  to  complete  their  saturation.  On  the  other  hand^ 
mgano-metallic  bodies  in  a  state  of  saturation  never  perform 
radical  funotionsj  they  never  undergo  chemical  change  without 
decomposition.  Thus  sino-ethyl^  stannic  ethide^  mercuric  ethide, 
and  plumbic  ethide  all  give  substitution-products  when  they  are 
chemically  acted  upon. 

The  description  of  the  special  properties  of  the  organo-metallic 
bodies  may  be  conveniently  commenced  with  the  most  positive  of 
the  dass,  via. : 

Potasman  and  $odum  9erie9»* — These  bodies  have  not  yet  been 

isolated;  they  are  known  only  in  combination  with  the  corre- 

si)ondiug  ziiic-eompounds.  The  double  compound  of  sodium-ethyl 
aiui  /inc-ethyl  is  the  only  one  which  has  hitherto  been  2$ubmitt^ 
to  analysis.    Its  formula  is 

This  compound  first  separates  from  its  solution  in  zinc-cthyl  as 
a  transparent  fluid,  which  after  some  time  solidifies  to  a  mass  of 
large  tabular  crystals,  fusing  at  4^7°  C,  but  when  once  fused 

•  Wsnkljn,  Proceediogw  «f  Bogr*  Boo,  is» 
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remaining  fluid  at  several  degrees  below  that  point.  On  the 
application  of  a  moderate  heat^  gases  are  evolved,  and  a  mixture  of 
■odium  aud  zinc  without  carbon  is  left  behind.  The  double 
compound  decomposea  water  with  great  violence^  forming  hydride 
of  ethyl,  and  the  hydrated  oxides  of  zinc  and  sodium.  The 
*  behaviour  with  negative  elements  has  not  yet  been  studied.  Its 
most  interesting  reaction  consists  in  the  absorption  of  carbonic 
acid,  which  it  transforms  into  propionic  add.  The  sodium-ethyl 
done  takes  part  in  tins  readiDn 

Sodinm-ethji.  PMplontlo  <tf  aodi. 

*  A  similar  double  compound  containing  sodtum-meMyZ,  as  well  as 
the  potassium-compounds  of  ethyl  and  methyl^  have  been  formed. 
Th^  have  not  yet  been  completely  investigated,  but  it  is  believed 
that  their  compontion  and  properties  are  perfectly  analogous  to 
those  of  sodiom-ethyL 

No  compound  of  any  of  these  bodies  with  a  negative  element 
has  been  oljtained.  Their  action  upon  carbonic  acid  proves  that 
they  possess  a  still  lii^jhcr  reducing  power  tlian  the  corresponding 
or<rano-ziiic  compounds,  and  they  will  therefore  doubtless  prove 
valuable  agents  for  tlie  substitution  of  positive  groups  for  negative 
elements  in  eases  where  orgauo-zinc  compounds  fail  to  produce 
the  desired  effect. 

Sodinm-ethyl  decomposes  the  iodides  of  tlic  alcohol-radicals  in 
the  cold,  with  formation  of  iodide  of  sodium.f 

Na,|^*{{6  +  a  2NaI  +  2%^sJ   +  2C4H4 

fiodiiim<etlijL       lodidaofell^L  Elydrideof  SU^Imm. 

etbjL 

Owing  to  this  behaviour,  potassium  and  sodium  compounds  can 
only  be  prepared  by  method  No.  4. 

Magnesium  teries,l — ^The  compounds  containing  ethyl  and 
methyl  only  have  hitherto  been  examined,  and  the  former  alone 
submitted  to  analysis.   These  bodies  possess  a  close  similarity  to 

*  Wankljn,  Cbem.  80a  Qn.  J.,  xi,  108. 
t  Prankland,  Fhwaedlngi  of  Boy.  Soe.,  iz»  Siff. 
i  Oahonr^  Ann.  Gh.  thyu^  Ivili,  17. 
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oigano-xino  oompoancls.  They  are  very  volatile  coloarless  Hqnidi^ 
poaaeBBing  a  powerful  alliaceous  odour ;  are  spoataneoualy  inflam* 
mable^  and  decompose  water  with  violence.  They  do  not  readily 
decompose  the  iodides  of  the  aloohol-radicals^  and  can  therefore 

he  prepared  by  method  No.  1.    No  compound  of  these  bodies 

with  negative  elements  has  yet  been  produced.    They  are  in  the* 
condition  of  chcniical  saturation.    Further  details  of  thcii"  proper- 
ties are  wautinj^. 

Aluminium  and  Glucinum  scries.^-^Liikc  the  organo-compounds 
of  the  Jilkaline  metals,  the  aluminium  and  glucinum  compounds 
have  not  yet  been  isolated  with  certainty ;  they  are  known  only 
in  combination  with  the  iodides  of  the  respective  metals,  and  the 
composition  of  the  ethyl  and  aluminium  body  only  has  been  fixed 
by  analysis.   Its  formula  is 

Alj-^C^Hj   +  A1,-^I 
(C,H,  (I 

These  double  compounds  possess  great  chemical  energy ;  they 
are  spontaneously  inflammable,  volatile  liquids,  which  decompose 
water  with  explosive  violence.  They  are  attacked  by  zinc-ctliyl, 
forming  iodide  of  zinc  and  very  inflammable  liquids,  which  latter 
are  believed  to  be  the  pure  org;ano-eompound3.  They  ap})car  to 
be  chemically  saturated  liodies,  and  therefore  incapable  of  direct 
combination.    Further  details  are  wantin«^. 

Zinc  series,^ — Three  bodies  belonging  to  this  series  are  known, 
viz. : 

Zimc-niethyi 
Zino-ethyl 

Zinc-amyl 

They  are  colourless,  transparent,  mobile^  volatile,  and  odorous 
liquids,  composed  of  four  gaseous  volumes  of  the  hydro-carbon 

Cshoiir^  Ann.  Cb.  Phyg.,  Iviii,  20. 
t  FrsnkUnd,  Chem.  Soc  Qn.  J.,  ii,  897,  sad  iO,  44 ;  PUI.  Tiaas.,  exiii,  431, 
and  cxir,  259.  Wsnklyn,  Chem.  Soo.  Qn.  J,,  ziu,  124. 


Zn  5^2  3 
^  (C2H3 

ZD.  i^^"* 

^  fen:: 
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radical,  and  two  volumes  of  zinc-vapour,  the  six  volumes  condensed 
to  four.  The  methyl  and  ethyl  compounds  arc  spontaneously 
inflammable,  burning  with  a  greenish  bliic  flame.  All  three  are 
saturated  compounds  incapable  of  direct  combination.  In  contact 
.with  water,  they  arc  instantly  decomposed,  with  formatioa  of 
oxide  of  EiBC  and  hydride  of  the  organic  radicaL 


^  '  (C,ir3 

Zin^-OMtliyL 


Zn7  ^    ^  oCo 


Hydride  of 


z»«  {c:h 


Ziao^thyL 


Zinu-amyl. 


Hydride  of 
ethyL 

Hydride  of 


Gradually  treated  with  oxygen^  lo  as  to  svoid  too  noleoit  action, 
they  form  Uie  leepeciive  mo-alcohols. 


^  {c!h!   +  o« 


2  Ca  H3 
^  Zn 


Ziacmuthyl 


}  o. 

He  thy  late  of  zinc. 


3 


Zinc-etliyJL 


O4  « 


2^*  ?6 
*  Zn 


+  o« 


EthyUte  of  ziuo. 

^  Zn|^« 


The  action  of  iodine  upon  organo-zinc-compounds  consists  in 
the  transformation  of  both  their  constituents  into  iodides. 


Zino-meU^L 


Iodid«  of  methyl. 

o  2 
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+        =  2ZiiI  +  2^*^*1 


Zinc-cthjrl.  Iodide  of  eUijrL 

{n;;!!;;  +    =  szm  +  2^"^"} 

ZlBOHunyL  Iodid«  of  uiijL 

Organo-ziuc  compounds  behave  in  a  maimer  exactly  atialogouB 
in  contact  with  the  other  halogens. 

Reactions  like  the  foregoing,  point  to  the  applicability  of  those? 
compounds  for  effectiog  the  substitution  of  positive  grouj)s  for 
negative  elements  in  compound  bodies,  an  application  which  has 
not  failed  to  attract  the  notice  of  chemists.  In  addition  to  the 
reactions  of  this  class  given  above  as  examples  of  the  formation  of 
organo-metailic  bodies  by  the  third  method^  the  following  have 
been  realized : 

AVith  limoxide  of  Nitrogen.* 
"fNO"!    4-    Zn   5^2^3  =  o^a^2^^3^2l  O 


Binoxido  of  Zine^metbyl.  Dinitn-metbylate 
nitrogen.  of  ^e. 


SSInO'ethyl.        IHnitxo^ylatA  of  dne. 

It  will  be  perceived  that  these  reactions  are  the  exact  analogues 
of  the  one  already  mentioned  in  the  sodium  and  potassium  series, 
where  carbonic  acid,  treated  with  sodium-methyl  and  sodium- 
ethyl,  forms  acetic  and  propionic  acids.  In  fact,  dinitro-methylic 
and  dinitro-ethylic  acids  may  be  regarded  as  the  analogues  of 
acetic  and  propionic  acid  respectively  j  the  nitrogen  licre  sustain- 
ing a  biatomic  character,  and  replacing  an  equivalent  amount  of 
carbon. 

With  Sulplmrous  Acid.f 
2(SA)  +  Zna  {c^I!;  +  2^«C»"»£j[  O, 


Salphnmyi  add.    Zine-methjI.  Metliylo<lithioDSte 

of  /.iac 

•  FiM  Ilk  land,  Phil.  Trans.,  18r<7,  p.  69. 

t  Uobaou,  CLem.  Soc  Qa.  J.,  x,     and  2^3. 
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Zine-ethjL  Stbylodithiomto  of 


WitJi  Terchloridc  of  Phosphorus.* 
%io»']iio(byL   ,  TrimeUijrIphoapUiie. 

rc  H 

^^*^  (C.H., 
Zinoeihyh  Trietbjrlphosphine. 

There  is  no  apparent  obstacle  to  this  reaction  being  pushed  to 
its  extreme  limit  in  the  case  of  pentatomic  bodies,  such  as  phos- 
phorus, arsenic,  or  fintimony.  Mr.  Buckton  has  recently  at- 
tempted this  in  the  case  of  antimony;  but  although  evidence  of 
the  cxistciu  L*  of  a  ]K'iitethidc  of  antimony  was  obtained,  the  body 
could  not  be  isolated  and  its  Cf)mposition  satisfactorily  fixod.  The 
great  stability  of  the  triatomic  compounds  of  these  bodies  will 
probably  present  considerable  difficulty  in  the  way  of  obtaining 
pentatomic  compounds  of  an  exclusively  positive  character^  such 
bodies  being  doubtless  easily  resolved  into  the  more  stable  gioop- 
ings  represented  in  the  following  eqnation : 

.  C4H5  (^4^5        r  TT  > 

Anttmonio  ethido.      Triethylstibine.  Bfthyl. 

Whilst  on  the  one  hand,  organo-zinc  compounds  are  thos 
capable  of  effecting  the  substitution  of  their  positive  organic  group 
ioat  negative  elements,  they  oan^  on  the  other  hand,  in  certain  cases 
replace  hydrogen  by  sine,  forming,  for  instance,  irith  ammonia 
and  its  homologues,  a  series  of  zincamides.  In  this  direction  the 
following  reactions  have  been  recorded.! 

•  Hofmann  and  Cahours,  Phil.  Trans,  for  185t, p» 578. 
t  FrankiAiid,  Proc  of  HoyaX  800.,  viii^  602. 
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gt«#i^i.yi.'         Ami"«»<fr,~  Zinouuidtt.        ^drida  of  etIgrL 

Zini»  ethyl.  ikniliiiA.  ZiacplieAylimide.    Hydxide  of  eihyL 

ZincctbyL  Diethylamiuo.       IKethylziiieiinidA.    ^ydrid^  of  •thyL 

Zino^tbyL  Oxamide,  JSia«oxiiiiido.      Hydrido  of  othyL 

Zinc-etbyL  AcetAmido.  Zinc-acetimide.      Hydride  of  cthyL 

Of  the  same  nature  appaieatl^  is  the  reaotioa  between  smc*etliyl 
and  acetic  anhydride.* 

The  members  of  the  zinc-scrics  unite  with  neutral  salts  to 
form  compounds  which  have  been  but  little  examined.  The 
following,  however,  are  known  if 

Dinitromethylate  of  zioe  and      N  o    ^  1  fCoH, 

rinc-methyl  Zn|       +  ^  \c^ii^ 

Dinitroethylate  gf  zinc  and    « ■^aC4^5^2l  n    _i_  17  ^C*.!!, 
sdnc-ethyl  ^nj        +  ^"2  ^C^H^ 


*  When  Einoethyl  Is  added  to  acetic  anhydride,  torrents  of  pure  hydrido  of  otiqrl 
■n  evolved  ;  the  other  pro(iu(*t  of  the  reaction  bsi  Hot  b00&  Oxaminod. 
t  frankland,  Jfiul.  Tranav  1857>  p.  59. 
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FiiiaUj,  it  lias  hook  obsemd,  that  lino-metliyl  wlieii  generated 
hi  contact  with-  methylic  or  Tinic  ether^  combines  with  these 
bodies,  farming*  • 

Methylaieofoac-methyi  ^(zn,  j^^"^)  +  cftlg}  ^« 
Ethylate  of  zincmethyl    2(zn^  {cjH^  C^H,} 

Cadmium  Series.f — Oiily  one  member  of  this  series  is  known, 
and  that  very  imperfectly.  So 'far  as  its  properties  are  made 
out,  they  appear  to  be  perfectly  analogous  to  those  of  the  zinc 
compounds. 

Tin  Series.X—A  large  number  of  organo- metal  lie  bodies  con- 
taining tin  have  been  described.  The  existence  of  the  following 
may  be  considered  a^  clearly  established. 

a.  Stannous  compounds. 
Stannous  methide,  or  staomethyl     Sn,  |q 

JC  II 

d,  Sesqui-oompounds. 
Se»quimethide  of  tin 

Sesqniefiiide  of  tin 

Dimethiodide  of  tin 

Diethiodide  of  tin 


•  Frank  land,  Phil.  Trans:,  1859,  p.  412. 
t  Wanklyu,  Chem.  Soc.  Qu.  J.,  ix,  193. 

t  Frankland,  Phil.  Trana,  1852, p.  417, and PhiL  Trans.,  1859, p.  401.  Cahouri 
et  Siche,  Compt.  rend.,  xxxv,  91,  »nd  xxxri,  1001.  Lowig,  Ann.  Ch.  Phaim. 
IxzxiT,  SC8.  A.  Grimm,  Ann.  Ch.  Flnnn,  zeii,  888,  finokton,  FhfL  Tntu. 
for  1999,  p.  498.  Cahonr^  Ann.  Oh.  FIgrs.,  iTlii,  22. 
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e»  Stannic  Qompounds* 

'  Stannic  methide  Sn< 


Stannic  ethide  Sn^ 


Stannic  ethylomethide  Bn^ 


Stannic  iodo-trictbidc 


jC  II 

Stannic-ethylo-trimcthidc  Su^  S^^H^ 

C.H, 

•C,II, 
C  II 

Stannic  iodo-trimethidc  Sn^ 


Stannic  iodo-dimethide 


Stannic  iodo-diethide  Sn,  <  ^4^^ 


It  is  scarcely  necessary  to  obflerre  tbat  the  iodine  in  the  above 
compounds  achnits  of  replacement  by  any  salt-forming  radical 
and  also  by  oxygen  or  sulphnr. 

Simmoui  compounds  are  oily  liquids  soluble  in  alcohol  and 
ether,  but  insoluble  in  water,  and  possessing  a  pungent  odoar. 
They  cannot  be  distilled  without  decomposition^  being  resolved 
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into  stannic  compounds  and  metallic  tin.  They  arc  in  a  state  of 
partial  chemical  saturation  only,  and  therefore  perform  the  part 
of  radicals,  combining  directly  with  chlorine,  oxygen,  fee,,  and 
forming  well-marked  bodies  of  great  stability. 

Staniunis  compounds  are  luatomic,  and  unite  directly  with 
free  oxygen,  chlorine,  &c.,  to  produce  bodies  of  the  stannic  form* 
Thus  rtaimoiis  ethide  forms  with  oxygen,  stannic  oxydiethide* 


Stannous  compounds  have  never  yet  been  observed  to  play  a 
uniatomic  part.  No  sesqui-compound  has  been  directly  formed 
from  a  stannous  body;  the  latter,  under  the  influence  of  iodine, 
oxygen,  ftc.,  seems  to  pass  at  once  into  the  stannic  form.  It 
must  be  remarked,  howevor,  that  no  direct  experiments  have  been 
made  with  a  view  of  revealing  any  uniatomic  attribute  which  may 
attach  to  stsnnous  compounds. 


Setqid'Con^Mnsnds  of  the  form  Sn,  •<  R  +  have  hitherto  been  very 


little  examined.  They  are  oily  liquids,  uniting  directly  with  nega- 
tive radicals,  forming  an  exteiksive  series  of  compounds  belonging 
to  the  stannic  class,  a  considerable  number,  of  which  have  been 
studied*  The  following  examples  will  serve  to  show  the  mode  in 
which  sesqui-oompounds  of  this  form  pass  into  bodies  of  the 
•tanniodm; 


Btsnnoni  athids* 


Stsnnio  oo^dieUiidA. 


Sefl^uietlude  of  tin. 


Stannic  iodotrieibide. 


Stannic  iodotrietiudo. 


Stannic  iododiotbido.    Iodide  of  ethyL 
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No  reduction  of  a  sesqui-corapound  to  a  stannous  compound 
has  vet  been  eftVctetl,  althon<'h  it  can  scarcely  be  doubted  that 
an  aqueous  solution  of  diethiodidc  of  tin,  for  instance,  if  treated 
with  zinc,  would  yield  stannous  cthide.  On  the  other  hand, 
stannic  ethide  or  methide  in  contact  with  iodine  is  tranaformed 
into  ft  aeBqui-compoimd,  vii.^  diethiodide  of  tin : 

C4H, 


^  C2H3 
C2H3 


+   I,  -  SnJcllk      +  2*^>i^^} 


Stennie  etiijrlo-diiiietiiide.  DMttiiocUde  of  tio.      lodkto  of  mothyL 

Sesqui-compouuds  of  the  form  Suj  are  very  little  known. 

In  fact  the  diethiodide  of  tin,  the  production  of  which  from 

stannic  cthyiodimethide  has  just  been  mentioned,  is  the  only  one 
known  with  certainty.  It  is  a  colourless  mobile  liquid,  boiling 
with  partial  decomposition  at  208°  C,  and  possessing  a  most 
insupportable  odour,  resembling  essential  oil  of  mustard.  Heated 
with  excess  of  iodine^  it  is  transibrmed  into  stannic  iododiethide : 

Sn,-^C,H,   +    I  » 


Dietliiodide  of  tin.  Stannle  iododiotiude. 

4  K  + 

Stanmc  compouruk  of  the  form  SugK        ^  colourless  mobile 

liquids^  poflaewing  a  alight  ethereal  odovir.  They  are  vbUtile 
without  decomposition,  and  are  very  stable.  Being  in  the  con- 
dition of  obemical  saturation^  they  are  incapable  of  direct  com- 
bination. No  body  can  act  upon  them  without  expelling  one  or 
more  equivalents  of  positive  radical.  Thus,  when  heated  with 
hydrochloric  acid,  stannic  ethide  yields  stannic  chlorotriethide  and 
hydride  of  ethyl : 

(.c«H,  (  ca   

Staanlo  othido.  Steanie  ohlorotrietiiSck  Hydridtof  etbyL 
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With  tiro  equivalents  of  iodine^  the  reaction  ia  : 

.     T  o    JC4II5    _L  C.H.> 


Staimic  iodotiiethid*.     Iodide  of  etbjL 


And  with  four  eqoiralent*  of  iodine : 


Stumic  etude.  SUmds  tododietUdei    lodid*  of  ethjL 

Staoiiic  compounds  of  the  form  Sn^  )  R      commonly  called 

compounds  of  sesqnistanethyl,  have  been  comparatiTcly  well 
atndied.  The  osidea.  are,  in  the  anhydioaa  condition^  Tolatile, 
limpid,  oUy  liquids  which  readily  unite  with  water,  forming 
eryataDine  hydrates  which  have  a  powerful  alkaline  reaction,  and 
nentralise  the  atrongeat  adds,  finrming  an  extenaiTe  aeriea  of  aalta. 
These  aalta  are  almost  all  aoluhle  in  water,  readily  cryatallizaUe, 
and  of  a  rery  pungent  odonr.  The  atannic  iodotriethide  and  the 
stannio  triethytosulphate  may  be  a4diiced  aa  ezamplea  of  the 
halcnd  and  ozyaalts  respectively ; 

Staniuc  iodotiietbide  Sn.  <  r,*xj^ 
Stannic  txietbyloaulphate     Sn^  <  ^^^^ 

!R  + 
have  also  been  very 
R- 

completely  inveatigated.  The  oxides  are  white  amorphoua  powdera^ 
inaoluble  in  water,  alcohol,  and  ether.  They  disaolve  in  hydro- 
chlorie,  hydriodic^  and  hydxobromio  adda,  forming  ooloorlen  and. 
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inodorous  salts,  which  crystalhze  in  fine  prisms.  !Most  of  the 
oxysaUs  can  also  be  obtained  in  the  crystalline  form,  either  from 
aqueous  or  alcoholic  solutions.  The  iodide  and  sulphate  of  stannic 
diethidcj  which  may  be  regarded  as  representatives  of  the  haloid 
aud  oxysalts^  liavo  the  foUowiug  formula : 

Stannic  cthylodisulphate 


Stannic  iododicthide 


Stanxdo  compounds  of  this  form  are  readily  reduced  to  atannom 
compounds ;  thus,  when  a  piece  of  zinc  is  plunged  into  a  solation 
of  staimio  chlorudiethide,  stannouB  ethide  is  produced : 


Btennio  chloxodiethidow  Stannooa  ethide. 


BisKWH  SBBis8.>i^The  following  bodies  belonging  to  this 
series  haye  been  described : 

!•  Biamuthotts  ethide  Bi  -iC^ll^ 


2,  Bismuthotts  dicUorethide 


lie 

Bi-^  CI 
(.  CI 


8.  Bismuthous  di-iodoothide  Bi 


4.  Bismuthous  dioxrethiae      Bi  ■<  O  ? 

(  o 


*  Breed,  Ann.  Ch.  Pharm.,  Ixxxii,  106;  Bllnhsnpt^  Ann.  Oh.  Fbarm., 
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5.  Double  compound  of  bis-)        C\H,  (S 
muthous   sulphide   with Bi CJI^    +  2Bijs? 


binnutbic  Bulphotriethide  J      I    S  (^S 


These  bodies  have  as  yet  been  but  very  impcrfeetly  invosti^utcd. 
Bismuthous  triclhidc  is  a  eoloui  less  or  slightly  yellow  mobile  liquid, 
having  an  unpleasant  odour  like  that  of  stibcthine.  Exposed  to 
the  air,  it  gives  ofl'  dense  yellow  fumes,  inflames  spontaneously, 
and  finally  explodes.  It  is  very  instable,  beg-ins  to  decompose  at 
60°  or  60°  C,  and  explodes  violently  when  heated  to  15(f  C,  a 
temperature  still  below  its  ])oiling  point.  No  direet  c()in])ou!ul  of 
this  body  has  yet  been  obtained;  it  briiavcs  like  a  chemically 
saturated  substance,  and  when  slowly  oxidized  iu  contact  with 
water,  yielda  alcohol  aud  hydrated  oxide  of  bismuth : 


DUmatbous  ethide.  Alcohol 

When  an  alcoholic  solution  of  bichloride  of  mercnry  is  added  to 
an  alcoholic  solution  of  bismuthous  ethide,  mercuric  ethochloride 
crystallizes  out^  whilst  bismuthous  dichlorcthidc  remains  iu  solu- 
tiou : 

CI 


+    2HgClg    =    Bij  Cl*^    +  2Hgj 


Bismuthous  Bismuth  m«  Mercuric 

ethide.  dichlorcthidu.  chlureUiido. 


From  the  bismuthous  diehlorethide,  the  diiodide  and  dioxyethide 
are  prepared  by  double  decomposition,  whilst  the  simultaneous 
action  of  snlphnretted  hydrogen,  water,  bismuthous  ethide,  and 
atmospheric  oxygen  is  said  to  produce  the  double  compound  of 
bismuthous  sulphide  aud  bismuthic  sulphotriethide. 

Lead  Series.* — The  following  bodies  only  are  known,  the 
ethyl  group  alone  having  been  explored : 

«  LVvift  Ann.  Ch.  Fbtmi.,  Izntlii,  818;  Bnckton,  Phil.  TnuM.,  1869,  pi  417. 


Digiii^eu  by  Cookie 


206  niAKKLAND,  ON  ORGANO-MfiTALLIC  BOIHE6. 


Diplumbic  thethide 


Plumbic  oxytriethide 


Plumbic  chlorotrictbide 


Plambic  triethyloflulphate    "Ph^  ^^^i 

ml 


niimbio  etMde  Pb^  <J 


The  existence  of  the  first  of  these  bodies  cannot  be  said  to  be 
clearly  established ;  but  by  the  action  of  an  alloy  of  sodium  and 
lead  upon  iodide  of  ethyl,  a  colourless,  mobile,  volatile  liquid  is 
obtained;  which^  when  dissolved  in  alcohol  or  ether,  and  exposed  to 
the  air^  forms  plumbic  ozytriethide,  a  body  which  is  however 
more  readily  obtained  by  the  decomposition  of  the  chloride  vitl 
oxide  of  silver: 


+  AgO  s=  Pba<r*H»    +  Agd 


Plumbic  ethide  is  a  colourless  limpid  fluid,  soluble  in  ether,  but 
insoluble  in  water,  and  possessing  a  faint  o^ur.  It  is  not  acted 
upon  by  oxygen  at  ordinary  temperatures,  but  chlorine,  bromine, 
and  iodine  act  violently  upon  it.  Plumlnc  ethide  bdongs  to  the 
class  of  saturated  bodies,  and  is  consequently  incapable  of  forming 
compounds.  When  it  is  treated  with  hydrochloric  acid,  hydride 
of  eUiyl  separates  and  plnmbic  chloro-trikhide  is  temed : 
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+  Ha  «  Pb,<^*;;«  + 


riumbie  riuinliio  •     Hydride  of 

ethide.  chlorotrieiiiide.  ethyL 

From  plumbic  cbloro-trietbide  the  sulphates  and  other  salts  can 
be  prepared  by  doable  decomposition.  These  salts  may  also  be 
obtained  still  more  readily  firom  the  ozide«  whieh  is  a  crystalline, 
▼olatilcj  pungent  body^  possessing  a  powerful  alkaline  reaction^  and 
attracting  carbonic  acid  from  the  air. 

Mercuric  Skuiks.* — This  series  is  confined  to  bodies  of  tlie 
mercuric  type,  no  organo-merciirous  compound  having  been  yet 
produced.    It  comprises  the  following  members  : 


^^Icrcuric  methiodide 


Hg  j^f's 


Mercuric  methhydrate         Hg  "J^j^^^q^ 

(C  H 

Mercuric  methonitrate        Hg  -^ii^q^ 


Mercuric  metbide 


«8  Sh: 

Mercuric  etbiodide  Hg  |^«^« 

Merenric  ethohydrate  Hg  |^^q^ 

Mercuric  ethonitrate  Hg  |^^q^ 

Merenric  ethide  Hg 

•  /"p  TT 

Merenric  ethylomeihide  |c^H^^ 

Mercuric  metbide  and  mercuric  ethide  arc  colourless,  ethereal, 
volatile  liquids^  insoluble  in  water^  but  insoluble  in  alcohol  and 

•  Prankland,  Phil.  Trans.,  1852,  p.  436,  and  Phil.  Trans.,  1859,  p.  409;  DUa- 
haapt,  Ann.  Ch,  Pharm.,  xoii,  371  ;  Strecker,  Ann.  Ch.  PhuuL,  xcU,  67} 
Baokton,  PhU.  Trana.,        p.  163,  and  1859,  p.  417. 
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ether,  and  possessing  great  stability.  They  are  in  a  state  of 
maximum  saturation,  and  cannot  therefore  unite  with  any  other 
body  without  tlio  displacement  of  an  equivalent  of  positive  radical. 
Thus  with  bromine,  mercuric  ethide  gives  bromide  of  ethyl  and 
mercuric  ethjlobromide : 

Mercuric  Mercuric  Bromide  ot 

vtiMd,  etlqrlobioiiude.  ethjU 

With  hydrated  salphuric  acid  the  action  is : 

Marcarle  Mercoric  Hjdride  of 

ethide.  eyiomlpliAlA.  etbyL 

Mercuric  mctliide  possesses  the  highest  specific  gravity  of  any 
known  non-nutallic  liquid  (3-069).  (Ilass  consequently  floats 
upon  its  surface.  Brought  in  contact  with  mcrrurie  iodide, 
mercuric  methidc  and  mercuric  ethide  arc  converted  respectively 
into  mercuric  methiodide  and  mercuric  ethiodide : 

Ueranrie  methide.  ICeieuiie  metliiod^. 

Mercuric  etludia»  Mercuric  ethiodide. 


The  reaction  nrith  mercuric  chloride  is  exactly  analogons.  The 
hydrates  of  mercuric  methoxide  and  mercuric  ethoxide  are  caustic 
alkaline  bases,  capable  of  expelling  ammonia  firom  its  salts,  and 
behaving  in  a  mannrr  similar  to  the  corresponding  uniatomic 
compounds  of  tin  and  lead.  The  remaining  mercury-compoundB, 
which  may  be  considered  as  derivatives  of  these  two  bodies,  are 
represented  in  the  above  list  by  the  iodides  and  nitrates:  they 
generally  crystallize  very  readily,  and,  vith  the  exception  of  the 
haloid  compounds,  arc  soluble  in  water.  When  their  aqueous 
solutions  are  treated  with  zinc,  they  arc  decomposed,  the  zinc 
becomes  amalgamated,  and  gaseous  hydrides  of  the  positive 
radicals  are  evolved.   It  is  highly  probable  that  there  are  two 
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stages  in  this  leacfcioiii  orgaao-zinc  compoimdB  being  fint  formed 
and  then  decomposed  hj  contact  with  water ;  thus  with  mercuric 
metihaodide— 

2Hg  +  Zn^  -  Zna  j^^Ha  ^  ^Znl  +  2Hg 

Mercuric  motliiodide*  Zinc-metl^l. 

and  then: 

Qao^meUijrl.  Water.        Bjrdride  of  methyl 

This  view  of  the  reaction  is  confirmed  bv  the  fact  that  when 
zinc  acts  upon  mercuric  mcthiodide  at  150°  C,  zinc-racthyl  is 
produced.  When  one  of  the  above  iodides  or  the  corresponding 
chloride  or  bromide  is  treated  with  an  organo-zinc  compound,  the 
negatiYe  ekmcnt  becomes  replaced  by  the  alcohol-radical  of  the 
zinc-compoand ;  thusj  when  mercuric  methiodide  is  treated  with 
zinc-methyl^  mercuric  methide  is  produced.  And  it  is  believed 
that  by  acting  upon  mercuric  ethochloride  with  ain&>methyl, 
mercuric  ediylomethide  is  produced : 

If eveaiic  etiioehloride.     Ziiie*inelliyl.  H weuiie  «tliiylom«UudA. 

but  this  l)ody  has  not  yet  been  obtained  in  a  state  of  purity ; 
distillation  ^^andualiy  resolves  it  into  mercuric  methide  and 
mercuric  ethide ; 

Xereniie  etilijloBiQiUldft.    Hereuic  methide.      iCenmiie  ethide. 

Antimont  Sksixs.'I' — ^This  important  series  of  ofgano-metallic 
bodies  contains  a  greater  number  and  variety  of  eompoonds  than 
any  other,  with  the  exception  of  the  arsenic  series.  The  remark- 
able polyatomic  character  of  antimony  and  arsenic  not  only 
renders  the  poasible  number  of  their  organo-compounds  very 

•  Liiwig,  Ann.  Oh.  Fhsitn.,  Ixxv,  816,  327;  Landol^  Ann.  Cli.  rharnL, 
UzriU,  91 ;  fiuokton,  Ch«m.  See.  Qn.  J.,ziii,  U6;  HofSiann,  ibid,  xi,  S16. 
▼OL.  XIII.  V 
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large,  but  the  wUtion  in  the  proportioiui  of  the  pontnre  and 
negative  molecules  gi?ee  an  extremelj  wide  lange  to  thcif 
chemical  character,  extending,  as  it  does,  from  highly  oaiutio 
hases  on  the  one  hand  to  powerftd  bibaaic  addi  on  the  other. 
The  £>Ilowing  are  the  pmcipal  compounda  belonging  to  thia 
series: 


TrimcthylsUbinc 


Antimouic  trimethoxide 


6h  •<  C2H3 


Sb 


O 


Antioionic  trimethochloride 


Iodide  of  tetramethylstiboniimi 
or  antimonic  tetiamethiodide 


Hydrate  of  tetramethylstibonium 
or  antimonic  tetramethylhydrate 


Antimonic  trimethosulphate 


Triethylstibine 


Antimonic  triethozide 


Sb 


Sb 


Sb 


C2H3 
C2H3 
C2H3 
CI 

a 

C2H3 


Sb  /  Coll 

h; 


C2H3 
CjjHa 
HOj 

'C,H3 

C,Il3 

C2H3 
S 

s  o. 


Sb  4  C4H. 

C4H5 

Sb  <!  C.Hs 
O 
O 
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Antinumio  triethochloinde 


Iodide  of  tetrethylstihonium 
or  antimonic  tetrametModide  |  q*\\^ 


Iodide  of  methylo-triethylstibonium  gj^ 
or  autimoiuc  triethomethiodide 


Hydrate  of  tetreihylstibonium 
or  antimonic  tetrethylhydrate 


Stslphate  of  teiretliylstibomum 
or  aatimonic  tetrathylsulpliate 


Antimonic  tnethantimoDite 


C.H. 


Antimomc  triethoaulphate  Sb 


Antimonic  trietiiouodide  8b 


Triamylstibine  Sb  •<  C,oHj^ 

p  2 
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Antimonie  triamylcbloride 


^10^11 

C  11 


Antimoiiio  triamThiitrate  S^i^io^^ii 

N  Oe 
N  Oe 

It  is  remarkable  that  we  have  as  yet  no  decisive  evidence  in 
this  scries,  of  the  existence  of  a  conipoimd  corresponding  to 
cacodyl.  It  is  true  that  such  a  body  has  been  described  under  the 
name  of  stibbiamyl,  but  subsequent  rxj)criiucuts  have  failed  to 
confirm  its  existence.    Amongst  oi'<;<uio-antimouy  compounds^ 

(R  + 

thcreforcj  the  most  simple  form  is  Sb  -<  11  + .    Bodies  of  this  form 

(R4- 

are  the  analogues  of  anunonia^  and  need  not  be  here  described, 

)r+ 

since  their  history,  and  also  that  of  bodies  having  the  form  Sb  \  R  + 

R  + 

Ir- 

will  be  found  in  a  discoime  upon   Ammonia  and  its  DerivatiYea/' 
delivered  to  this  Society,  June  17tii^  1858,  by  Dr.  Hofmann.* 
The  only  bodies^  therefore,  of  this  series  requiring  notice  here 

R+ 

R +,  and  their  derivatives.  When  the 

two  atoms  of  R—  are  oxygen^  these  compounds  constitute  what 
may  be  tenned  biacid  antimony  bases.   They  are  formed  either 

by  the  direct  union  of  the  stibamines  I  Sb  -  11 -i-  )  with  oxygen. 

^  (RH-^ 


(R+ 

Sb^R+    +    Oj,   =  Sb 


R  + 


(r+ 

*  8m  Till  zi, Sfi^  of  this  JoonaL 
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or  by  the  decomposition  of  the  correspondiDg  haloid  compouiids 
hy  means  of  potash :  thus-r* 

R  R  + 

Sb  <  11    +    2K0    =    Sb  \  R+    -f  2KC1 


CI 


(XV 
o 
o 


The  stibamines,  altliou;i;h  in  other  respects  the  perfect  analogues 
of  the  nitramines,  here  evidently  exhibit  a  much  more  highly 
positive  cliaracter,  uniting  with  oxygen  so  energetically  as  to  be 
spontaneously  inflammable  in  the  lower  portion  of  the  series. 

The  biacid  antimony  bases  are  colourless,  transparent,  amor- 
phous, and  tenacious  bodies ;  the  ethyl  base  is  easily  soluble  in 
water  and  alcohol,  but  somewhat  less  soluble  in  ether.  They 
possess  a  bitter  taste,  are  non-volatile,  and  do  not  suffer  any 
change  when  exposed  to  the  fdr.  Treated  with  potassium  they 
are  reduced  to  stibamines  t 

/K  + 

11+  (R  + 

Sb<R+  +  ==    Sb^R+       +  '^JLO 

O  (R  + 

lo 

Fuming  nitrie  acid  decomposes  the  hiadd  bases  with  ignition ;  but 
when  they  are  treated  with  dilute  nitric  or  other  acid,  the  respec- 
tive hiadd  salts  are  produced.  The  oxysalts  are  soluble  in  water 
or  alcohol  j  moat  of  tiiem  crystallise  without  much  difficulty,  as  do 
also  the  antimonic  biniodides ;  but  i^timonic  triethobromide  and 
triethochloride  are  liquids  not  volatile  without  decomposition, 
insoluble  in  water,  but  soluble  in  alcohol  and  ether. 

The  existence  of  antimonic  triethosicidide  has  been  recently 
proved  by  Strecker.  It  had  previously  been  regarded  by  Merck 
as  a  protoiodide  of  stibethine  (Sb(C^H3)3l). 

Absenic  Sbbiss.* — This  series  is  perhaps  the  most  important 
and  interesting  amongst  organo-metallic  bodies ;  it  contains  the 
first  discovered  organo-metal,  caoodyl,  the  classical  investigation  of 

•  Cadet  (1760),  Mfim.  d©  Math,  et  Phys.  de  SavanU  C-trang.,  iii,  633  ;  Thdnard, 
Ann.  Ch.  Hi,  54 ;  Bunsen,  Ann.  Ch.  Pharm.,  xxiv,  27 ;  xxvii,  1 ;  xlii,  14  ;  xlvi.  1  ; 
Frankland,  Ch.  Soc.  Qu.  J.,  ii,  2yy  ;  Cahoura  et  Riche,  Compt,  rend.,  xxxvi, 
1001;  Landolt,  Apa.  Ch.  Pbwm.,  Izuix,  801 »  H^fmsni^  ClMm.  Soe.Qa. 
zi,  S16.  Bseyr,  Amu  Clu.Plism.  erii,  357  $  cr.  266. 
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which  by  Bunsen  not  only  imparts  a  completeness  to  our  know- 
led2:o  of  tliis  sprios,  but  has  aiforded  the  clue  to  the  successful 
interpretation  of  many  phenomena  met  with  in  other  analogous 
families.  It  will  be  couTement  to  divide  its  veij  numerous 
memben  into  three  groups. 

A.  Organo-arsenical  cumpounda  of  the  type  As 

(R 

B.  Orgsno^aneoictl  oompoimds  of  the  type  As  ^  R 


C  Oigano-arsenicftl  compounds  of  the  type  As 

AH  aneniisel  compounds  pefmit  cf  hmng  amnged  under  these 
three  types.  The  fbiOowuig  are  the  principal  hodiee  ehready 
umstigated: 

A.  Organo^araenioal  Compounds  otike  Type  As 
C«od,l  A.  ]^ 


Eihylio  cacodyl       As  j^^Hj 
Propylic  cacodyl       As  |q^^? 
Butylic  cacodyl       As  -[q^H^? 


(•R 

B.  Qfgano-aneuicalOompottndscf  the  Type  As^R 

rn  TT 

Oxide  of  cacodyl 

rc  H 

Sulphide  of  cacodyl  As  -<  c!h^ 

of  cacoc^l  As  -l  CoH 


IS 


a 
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GUoride  of  caisoplatyl  As 


Anenioiu  dioxTioetliide     As  •{  O 


Anenknift  disolphomethide  As 


Anenlotu  diehloronkeiliide  Ab  <  Cl 


i  Cl 


Trimethjlaniiie  A« 


Anenioni  dwthiodide  M-iC.U. 

I  1 

Trietkylanine  As 


B 
B 

C.  Qrghtio-aneiiical  Compotmdi  of  tbe  TjpB  As  (R 

R 

Tbh  group  migr  be  couvenientl j  divided  into  tuna  fanilieii  or 

fB+ 

R- 

o.  Bodies  of  the  form  As  <  R— ,  and  their  derivattra. 

R- 

VR- 

^R  + 
|K  + 

A3 


b.  Bodies  of  the  form  As  <  K  — .  and  Llicir  derivatives. 


rB+ 

R4- 

c.  Bodies  of  the  fom  As  { R     and  their  deriTatira. 

R- 
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H  + 

d.  Bodies  of  the  form  As  /  H  + 


a.  Sub-iype  As 


O 

Monometbylarsenio  acicl        As  (  O 

O 
O 

C,H, 

O 

Mouomethyiarseiuates  As  {  O 

'C2H3 
O 

Arsenic  dioxydichlormetliide   As  (  O 

CI 

a 

C2H3 
ci 

Arsenic  tetracblonnetliide       aVs  [  CI 

CI 
CI 


b»  Sub-tiipt  As 


C,Tl3 
C2M3 

Cacodylic  Acid  As  ^  O 

O 
O 
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Caoodylates  As ;  O 

(  ^ 


Sulpbocacodylio  acid 


SulpbooapodylateB 


CJI3 


\ 


Terchloride  of  cacodvi  As  (  CI 

CI 
CI 

Ethyl-caooclyUc  acid  As  /  O 


V  O 


Ethyi-cacodyla^  As  <  O 

O 


R  + 
R  + 

C  Subtype  As  ^'  R  + 

R- 


( 


AneuM  tiiethoxide  As  \  C4H 


As  <C4H 
\  o 


mXKLAJUDj  OH  Om&irO-JIBTAIXlO  M>DI£8. 


Arsenic  thethoBulphate 


Azsenio  triethiMalphide 


Anenid  triethochlonde 


1 

1 

At  • 

1 

ISO, 

1 

As  > 

1  s 

1 

I  s 

As  1 

IC4H5 

CI 

^  CI 

/  R+ 

d.  Bodies  c(f  the  form  As  !  K  + 


Ozide  bf  tetrametbylancmium 
or  amnio  tetramethoxide 


Sulphate  <tf  tetnanetbylarsoniiim 
or  nmic  tetramethylaulplii^ 


Iodide  of  telnnMilihylanonium 
or  srsemo  tttramethiodide 


or  arsemc  dimetbyl'diethyloxide 


As  ^ 

V  0 

As  ( 

C,H3 

^  SO, 

C,H3 

As  ( 

C0H3 

C2II3 

As  1 

I  0 
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Iodide  of  diracthyl-dictliylarsonium 
or  araenic  dimetbyl-diethyliodide 


Nitrate  of  dimetliyl-dictliylarsonium 
or  arsenic  dimethyl-diethylnitrate 


Aft 


Oxide  of  tettethylarKmiam  . 
or  arsenic  tetrethozide 


Sulphate  of  tetrethylarsonium 
or  usexiio  tetrethylsulphate 


C  H 

Chloride  of  tetrethylarsonium  ^  )  q*ii^ 

or  aisenic  tetrethylchloride 


Iodide  of  dimethyl-diamylanoniuin 
or  anenic  diamyliodide  ^  ^lo^n 

The  organo-anenicaL  compoiinds  beLonging  to  the  type  Ab 

contain  only  positive  radicals.  They  are  volatile  poisonous  liquids, 
insoluble  in  water,  but  very  soluble  in  alcohol  and  ether,  and 
possessing  an  insupportable  odour.  The  lower  members  of  the 
family  are  spontaneously  inflammable,  whilst  the  higher  ones 
also  rapidly  oxidise  iu  air.  They  unite  with  negative  elements 
with  great  energy,  manifesting  in  their  combinations  either  a 
umatomic  or  a  teratomic  character^  and  producing  bodies  either 

jR  + 

(R+  R+ 
of  the  form  At  •<R+  or  As  { B<-.    Thus  caoodyl  iomn  witii 

\lz 

dkMne,  chloride  of  cadodyl  and  terchloride  of  caoodyL 
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+  CI 


 (  CI 

Chloiid«  of  CModyL 


As 


^    As  ^  CI 
V  CI 


GaoodyL 


Terehlorldtt  of  eaoodyL 


Mctliylic  cacodyl  boils  at  170°  Q,,  s^d  eth^lic  caco(lyi  between 
185°  and  190°  C. 

Heated  to  400°  C,  cacodyl  splits  up  into  metallic  arsenic^ 
hydride  of  methyl,  and  oleiiant  gas : 


Hydride  of  moibyl.    Olefiuit  gia. 


Bodies  of  this  type  eau  be  re^jenerated  by  reducing:  agents  from 
many  of  their  uniatomic  coin])ouiuls ;  thus  chloride  of  eacodyl 
and  metallic  zinc  give  cacodyl  and  chloride  of  zinc  : 

'      +    Zn    =    As  |^2^3   +  ZnCl 


As   -(  Cglij 


Gblorido  of  cacodyl.  CacodjrL 

Organo-arsenical  compounds  of  the  type  As 
forms^  viz. : 

(11  + 

(1)  ^mR+  (2)  A8-(R+  (3) 


are  of  three 


(11  + 
As-^R- 


Those  beloDging  to  the  first  are  termed  arakifs,  and  are  the 
analogoes  of  atninoiiia;  but^  like  the  conespondiiig  antimony 
compounds,  in  addition  to  their  alkaloid  function,  they  have  the 
power  of  combining  with  two  negative  atoms,  forming  bodies  of 

(R+ 

|r+ 

^e  9ub-type  As  ^  R  + .  Thus  triethylarsine  combines  with  oxygen 

j  R- 
^R- 

to  form  arBenic  dioxytriethide.   The  lower  members  of  the  type 
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this  property  to  Booh  an  extent  as  to  render  them  spmi^ 
taneonaly  imflammable  in  air. 

Compounds  belonging  to  the  second  of  the  above  forms  are 

produced  by  the  direct  combination  of  the  cacodyls  with  negative 
elements,  the  oxides  are  bases  of  comparatively  feeble  power, 
slowly  combining  with  two  additional  equivalents  of  oxygen,  to 
form  acids.  Tluis  oxide  of  cacodyl,  by  exposure  to  air,  slowly 
passes  into  cacodylic  acid: 

As  ;C' II,   +   0»  «  Ai<  O 

^  °  h 


Oxide  of  eaeodyl.  Ckcodylic  add. 

The  chlorine,  bromine,  and  iodine  compounds  of  the  form  we 
are  now  considerina:  are  volatile  neutral  bodies,  which  mav  be 
regarded  as  the  haloid  salts  of  cacodyl.  Heated  in  contact  with 
bichloride  of  platinum,  the  chloride  of  cacodyl  presents  an  iute> 
resting  re-action;  two  equivalents  of  hydrogen  in  the  cacodyl 
become  replaced  by  a  biatomic  molecule  of  platinum,  producing 
chloride  of  cacoplatyl. 

AsIc'h^    4    PtCL    s    Asfc'pt'H    +  2HC1 
(    CI  •  (  CI 

Ohtoride  «f  oModyL  Chlofido  «r  oseo^tyL 

Cacoplatyl  forms  a  series  of  compounds  analogous  to  those  of 
cacodyl. 

The  only  compounds  of  the  tliird  form  yet  known  belong  to  the 
metbylic  group.  Arsenious  dioxymethide  is  a  crystalline  body 
of  a  neutral  character,  soluble  in  water,  alcoliol,  and  ctiier,  un- 
changed by  exposure  to  air,  but  transformed  by  distillation  with 
hydrate  of  potaah  into  arseniona  acid  and  oxide  of  cacodyl : 

fC,H,  (C,H3 
2As   O        =   AaO,    +  As^C.H, 

(o  (Q 

Aneoioiis  diozyiiMtliide.  Ozidt  of  OModyl. 

Hydrochloric  acid  converts  it  into  arsenious  dichlormethide : 

Aaj    O     +2HC1         Asj    CI    +    g|  O, 
^awl -t  dioxjfOMttiids.  AnMiioni  dtehlonnethide. 
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Hydiobroiole  and  hydriodic  adds  prodaoe  a  perfeofly  analogons 
oliange,  whilst  sulpfaaretted  hydrogen  tranfionns  it  into  afseniooi 
disolpliomethide.  The  chloric  compound  can  also  be  lionned 
anenic  trichkffmetbide  to  60^  C. 


As 


C,Il3 
C2H3 

CI 
CI 

a 


rcji, 

Ab<  CI 
(  Cl 


CJI3 

Cl 


} 


trieUormethide. 


diohloniMtliida. 


Chloride  of 
nwthyL 


The  chlorine,  bromine,  and  iodine  compounds  are  neutral  bodies 
of  considerable  stability  j  the  two  former  are  liquid,  the  latter  solid 
and  crystalline.  By  the  action  of  chlorine  or  oxidising  agents,  they 

(R  + 
R  — 
R- 
R  - 

Organo-anenical  oomponnds  have  been  more  thoroagUy  inireati- 

/R 
R 

gated  in  the  direction  of  the  type  As  <  R  than  in  any  other;  conse- 

in 

qucntly  we  find  these  bodies  ratliei  numerously  represented, 

rR  + 

R  + 

especially  nnder  the  subtype  As  <  R  +•  As  the  latter  bodies, 

R  + 
VR  - 

howeveTj  are  the  strict  analogues  of  the  compounds  of  ammonium, 
their  chemical  relations  will  be  found  fully  described  in  Br.  Hof- 
mann's  disooorse  before  alluded  to^ 

!R  + 
R  - 
R  ^  has  only  yet  been  explored  in  the  methylic 
R  - 
R  - 

group.  The  oxygen-compound  constitutes  anhydrous  monomethyl- 
arscuic  acid,  a  direct  derivative  &om  arsenious  dioxymethide : 
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'C2H3 


fC,H3  O 
(   O  I  O 

o 


Arae^ofu  dioatjmethidfl.  JIoooioeUiylAneaic  Acid. 

This  add  is  bibaaicj  fbnning  stable  and  well  defined  crystalEHtUe 
salts,  the  formuUe  which  aie  lepiesented  by  the  general  ei- 
preaaion 

C,H3 
O 

As  i  O 

.MO, 

The  chlorine  compound  is  exceedingly  unstable ;  it  may  bowem 
be  form^  at  —lO'V,,  bat  is  transformed  at  0*C.  into  arsenions 
chloride  and  chloride  of  methyl: 


'  AiMikie  totndilonMtiikto.  GUoride  of  methyL 

Arsenic  dioxydiehloimethide  is  a  somewhat  more  staUe  body 
fi^vmedby  tbe  direct  union  ai  ehl(»rine  with  arsenions  dio]iymethide. 


As-^    O     +    Cl^   =  As 


Aneniout  diozymethidOb  Amnio  dipxydiohlometliide. 

Nevertheless,  even  this  eompound  readily  decomposes^  with 

evolution  of  chloride  of  methyl. 

fR  4- 

|e  + 

Sub-type  As  <  R  —    The  oxygen-compounds  are  feeble  mono- 
R  - 

Ir  - 

basic  acids  of  which  cacodyllc  acid  may  be  regarded  as  the  xepre- 

(R  + 

sentative.  They  are  derived  from  the  bodies  As -{ B  +  by  direct 
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oxidation  as  already  described.  Cacodylic  acid  Is  remarkable  for 
its  stability  j  neither  fuming  nitric  acid  nor  a  mixture  of  sulphuric ; 
and  chromic  acids  attack  it,  even  at  the  boiling  point,  and  it  may 
be  heated  to  200'^  C.  without  alteration.  Although  it  is  soluble  in 
vater  and  contains  upward  of  54  percent,  of  arsenic,  yet  it  is  not  in 
the  least  poisonous.  Several  agents  reduce  cacodylic  acid  to  the 
areenioiu  or  even  to  the  diatomic  form.  Thus  phoBphorous  add 
transfonns  it  into  caoodyl : 

c,n3  CO  . 

2  Am       f)     +    8P^0  *    2A8^^,^  ;3    +  3P0. 

o 


Otoodylio  acid.  Caoodjrl. 


Zinc  also  produces  the  same  result.  Ilydriodic  acid  gas  con- 
yerts  cacodylic  acid  into  arsenious  dimethiodide : 


+    SHI         Aa-{aU,   +    Ift   +  8HO 


The  acid  character  of  this  body  is  so  slightly  marked  as  to 
render  it  eapal)lc  of  formiug  compounds  in  which  it  appears  to  play 
the  part  of  a  base.  Thus  with  hydrofluoric,  hydrochloric  and 
hydrobromic  acids^  it  forms  the  ioUowiug  compounds  : 


Uydroiiuate  of  cacodylic  acidJ  As 


f  ^2"s 
HO, 


Hydrochlorate  of  cacodylic  acid  As  / 11 


1" 


CI 


Hydrobromate  of  cacodylic  acid  As  <  II  O.^ 
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The  hydrohroraate  reacts  perfectly  neutral.  The  cacodylates 
have  the  formula : 


'7 

Sulphocacodylic  acid  has  not  yet  been  isolated,  but  its  salts  pre- 
sent the  same  relations  to  those  of  cacodvlic  acid,  as  salts  of 
sulphur-acids  generally  bear  to  those  of  oxyacids.  Their  formula  is 


|R  + 

Sub-type  As  '  R  +  has  hitherto  been  very  little  explored^  so 
R  - 
IR  — 

far  as  it  is  known,  but  its  members  bear  sn  elosr  a  resemblance 
to  their  analogues  in  the  antimony-series^  as  to  require  no  further 
notice. 

Ti:llurium  series.*  The  close  relations  of  tellurinm  to  sulphur 
and  selenium  place  the  bodies  of  this  series  in  the  same  position 
with  regard  to  the  sulphides  and  selcnides  of  the  aleohol-iadieals 
as  the  antiniuuv  and  arsenic  scries  stand  in  relation  to  the  corre- 
sponding  compounds  of  phosphorus  and  nitrogen. 

The  following  bodies  belonging  to  this  series  are  known: 

TeUnriiim  metihyl 


TelluTOTW  dimethoxiHe 


Tellarous  methozycUoride 


•  WShler,  Ann.  Ck  Phann.,  xxxv,  112,  ixxxiv,  69;  Mallet,  Ann.  Ch.  Phann., 
Ixxix,  228 ;  W«hl«r  tad  D«sii.  Ann.  Ob.  Phftrai.»  xcUi,  9M. 
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Tellurous  dimethiodide 


TcUuriura-ethjl 


Tellurous  dietho&ide 


Telluroas  dicthosulphide 


Acid  teQuroiiB  diethosalpliaie       Te^  < 

(  so' 


Tellimnis  diethodiloride 


TelltuouB  diethoxycbloride 


Tellurous  diethiodide 


TeUurium-amyl 


The  compounds  of  the  ulcoliol-radicnls  with  tclluriura  are  vola- 
tile liquids  of  most  unljeara])le  odour.  Tlicy  oxidise  readily  iu 
coiitiict  with  air,  forriiinj^;  the  respective  oxides.  Tellurium-amyl 
has  not  yet  been  obtained  in  a  state  of  purity. 

The  oxides  of  these  bodies  arc  j)owerful  bases,  expelling  ammonia 
from  its  salts,  and  attraetin*?  carbonic  acid  from  the  air.  They 
form  salts  of  considerable  stalnlity,  which,  as  well  as  the  oxides 
themselves,  yield  the  origrinal  organo-teilurium  compounds  whea 
treated  with  sulphurous  acid : 
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Tellurouii  diethoxide.  Tellurium  eth^L 

CoMtituHon,  and  Theoretical  Importance  qf  Organo-metalHc  Bodie$. 

In  the  year  1852*,  at  a  time  when  comparatively  little  progress 
had  been  made  in  the  investig^ation  of  orgauo-inetallic  bodies, 
I  ventured  to  propose  a  view  of  their  constitution  which  further 
research  has  completely  confirmed.  According  to  this  view,  the 
organo-metallic  bodies  are  constructed  upon  the  types  of  the 
inorganic  chlohd^s^  sulphides,  oxides,  &c.,  of  the  respective  metals 
which  they  contain,  the  chlorine,  oxygen,  snlphur,  &c.,  being 
replaced  in  eqnivale&t  proportion  and  step  hj  step  by  the  alcohol- 
nulicak. 

A  reference  to  the  formulse  of  organo-potasshim,  sodium, 
magnesiam,  sine,  and  cadminm  compounds  given  abovei  shows 
that  they  are  all  formed  upon  the  models  of  the  protochloiides  of 
these  metals ;  the  general  l^pe  being 

M 


ICl 


In  like  manner  organo-alurainium  compounds  are  formed  upon 
the  type  of  the  sesquichloride  of  that  metal : 

CI 


{ 


Al,  ■{  CI 
CI 


Organo-tin  compounds  are  represented  by  the  three  chlorides 
of  tin: 

CI 


Cl 


CI 


Sn,  Sn,^Cl  Sn,^^,^ 


The  compounds  of  the  bismuth-series  are  represented  by  the 
terchloride  of  bismuth  and  by  bismuthic  acid : 

O 

(Cl 

Bi  i  Cl  Bi 
(Cl 


o 
o 
o 
o 


♦  PhiL  Trans,  for  1852,  p.  438. 
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Organo-lead  compounds  are  arran^od  under  the  typ;^s  of 
sesquioxide  and  peroxide  of  lead  : 

O 


o 

o 
o 


The  mercury-scries  are  all  moulded  upon  the  type  of  tlie 
bicliloride : 

Hg  |n 

The  arsenic  and  antimony  scries  have  for  their  types  the  following 
inorganic  compounds : 

,0  /  CI 

As\%      ,    As-^Cl     ,    As  >iO    ,  Sb-^Cl    ,     Sb  CI 
<^  (Cl  O  (Cl  CI 

'O  ^  Cl 

The  inorganic  models  for  the  tellurium  series  are  chloride  of 
tellnrium  and  tellnrons  acid : 

O 


Te  I 


Cl  T  JO 

Cl  ^^no 


Ocousionally  an  abnormal  rouipoiuid  lias  made  its  appear- 
ance, such  as  ethostibilic  acid  (Sb  (C^  Hr)  0^)  or  iodide  of 
tricthylstibinc  (Sb  (C^  115)3  J);  but  further  k  search  lias  invariably 
demonstrated  the  incorrectness  of  such  formula'  and  the  conformity 
of  the  bodies  with  the  normal  inorganic  types.  Indeed  this  law 
may  now  be  regarded  as  sufficiently  established  to  be  applicable 
to  the  control  of  the  formuhe  of  new  organo-metallic  bodies. 

From  the  point  of  view  thus  afforded,  it  is  interesting  to  watch 
the  effect  of  the  substitution  in  metallic  compounds,  of  basylous 
or  positive  for  chlorous  or  negative  radicals.  Such  a  substitution 
affords  striking  evidence  of  the  dependence  of  the  chemical  character 
of  a  compound  upon  that  of  each  individual  constituent.  The 
highly  polyatomic  metals,  sueh  as  arsenic  and  antimony^  exhibit  this 
dependence  in  the  most  conclusive  manner.  Thns  trihasic  arsenic 
acid,  by  the  substitntion  of  an  equivalent  of  methyl  for  oxygen, 
yields  the  bibasic  monomethyl-anenic  add,  a  well  de6ned  acid  of 
considerable  energy,  though  inferior  in  chlorous  power  to  arsenic 
acid.   The  like  substitntion  of  a  second  equivalent  of  methyl  fer 
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oxygen,  reduces  the  chlorous  character  of  the  body  to  the  com- 
paratively feeble  condition  in  whicli  we  find  it  in  eacodylic  acid, 
which  is  incapable  of  forminjj;  an  ammonia-salt.  A  similar  subnti- 
tution  for  the  tliird  time,  overpowers  tlie  acid  attribute  of  the 
compound  altogether,  and  we  now  have  a  feeble  biacid  base,  the 
arsenic  dioxyracthide,  which  again,  by  the  exchange  of  a  fourth 
atom  of  oxjgeu  for  methyl^  is  transformed  into  the  oxide  of  tetra- 
methylarsonium,  a  base  of  such  eneigyj  as  to  be  oomparable  with 
the  caustic  alkalies  themsdYes. 

The  behaviour  of  the  orgaiio- metallic  bodies  teaches  a  doctrine 
which  affects  chemical  compomiids  in  general,  and  which  may  be 
called  the  docfcrine  of  atomic  saturation ;  each  element  is  capable  of 
oombining  with  a  certain  limited  number  of  atoms ;  and  this  nomber 
can  never  be  exceeded^  althoogh  the  enei^  of  its  affinities  may 
have  been  increased  by  combination  np  to  this  point.  Thus  one 
appears  to  attain  its  atomic  saturation  by  nniting  with  only  one  atom 
of  another  body;  in  other  words,  it  is  nniatomicj^  consequently  the 
linccompoundscf  the  slcohol-radicals,  notwithstanding  their  intense 
affinities,  are  incapable  of  direct  union  with  other  bodies.  The 
action  of  chlorous  dements  upon  them  is  apparently  one  of  substi- 
tution not  of  combination.  Polyatomic  metals  exhibit  the  same 
phenomenon.  A  double  atom  of  tin  cannot  combine  with  more 
than  four  atoms  ;  a  single  atom  of  arsenic  or  antimony  with  more 
than  five  atoms  of  other  bodit  > ;  but  in  the  comLinations  of  i>oly- 
atomic  metals,  we  frequently  notice  from  the  lowest  to  the  highest 
compound  one  or  more  intermediate  points  of  exalted  stability ; 
thus  antimony  has  a  teratomic  stage  of  comparative  stability  ; 
nitrogen^  phosphorus,  and  arsenic,  whilst  exhibiting  a  similar  ter- 
atomic stage,  have  also  a  hiatomic  one,  though  of  greatly  inferior 
stability;  whilst  the  existence  of  protoxide  of  nitrogen  renders 
it  more  than  probable  that  uitrogen  has  a  third  and  uuiatomic 
stage. 

In  bodies  possessing  at  least  one  stage  of  stability  below  saturation^ 
and  in  which  all  the  atoms  united  with  the  polyatomic  element  are 
of  the  same  kind,  the  stage  of  maximum  stability  is  very  rarely 
that  of  saturation.  Thus  in  nitrogen,  arsenic,  and  bismuth  com- 
pounds of  the  kind  just  mentioned,  the  stage  of  maximnm  stability 
ii  decidedly  the  teratomic  one;  in  antimonial  compounds  of  a 
similar  nature  the  teratomic  is  also,  though  less  decidedly,  the 
stage  of  maximum  stability,  whilst  in  phosphorous  compounds  the 
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pointe  of  maximum  stability  and  of  sataration  generally  coincide^ 
WheDj  however^  the  atoms  united  witli  the  polyatomic  element 
are  not  of  the  same  kind,  then  the  stage  of  maximum  stability 
usually  coincides  with  that  of  saturation.  Thus  the  binoxide  or 
bichloride  of  trietliylarsinc  or  triethylstibinc  are  more  stable  than 
triethylarsine,  or  triethylstibiue  themselves ;  but  this  pentatomic 
stability  reaches  its  climax  in  arsoniura,  stibonium,  and  phos- 
phonium  compounds,  as  it  does  ako  in  the  corresponding  com- 
pounds of  nitroij:en,  although  the  latter  element  exliibits  a  much 
stronger  tendeucy  towards  universal  teratomic  stability  than  its 
chemical  associates. 

Til  })olyatoniic  organo-metallic  bodies,  it  is  remarkable  that, 
with  few  exceptions,  the  positive  hydrocarbons  hold  their  position 
much  more  tenaciously  than  the  associated  negative  oonstituents ; 
and  we  thus  frequently  find  the  ibrnier  accompanying  the  metal 
through  a  vast  number  of  compounds.  Hence  the  group  formed  by 
the  metal  and  }X)sitive  hydrocarbons  has  come  to  be  regarded  as 
a  compound  radical.  Thus  cacodyl  is  conceived  to  be  the  radical  of 
the  whole  series  of  cacodjl  compounds.  But  however  great  may  be 
the  oonvenienoe  of  this  mode  of  viewing  organo*metalIic  com* 
'  pounds,  and  the  same  mode  has  notoriously  been  extended  to  nearly 
all  organie  bodies,  it  must  not  be  forgotten  that  it  is  a  purely 
artificial  distinction,  which  has  no  real  existence,  either  in  the  case 
of  organo-metallic  bodies,  or,  as  I  shall  endeavour  to  show,  in  that 
of  organic  bodies  in  general. 

A  close  examination  of  the  habits  of  the  so-called  organo- 
metallic  radicals  shows  clearly,  that  their  atomic  power  depends 
upon  their  position  with  regard  to  the  stages  of  stability  and 
maximum  saturation  ;  thus  they  are  uniatomic  when  the  iiumbcr  of 
positive  groups  is  one  less  than  that  required  to  reach  either  the 
maximum  saturation  of  the  metal,  or  a  lower  stage  of  stability. 
Cacodyl  and  tctramethyl-arsonium,  for  instance,  are  uniatomic 
radicals,  because  they  are  respectively  one  atom  short  ol  the  stage 
of  stability,  and  of  majiLimum  saturatiou  ; 

Uaistomie  stage.  Stage  of  stabilitj. 

fell:         ^  ^ 

CSoodjL  Chloride  of 

GMo4yL 
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Btego  of  miadinum  ntnnlioiL 

C2H3 
C2H3 
A8{C,H3 


Tetnunethjlanoniumi  Chloride  of 

tetnimcthyiariioaium. 

It  IB  obvious  that  a  compoand  radical^  the  number  of  whoae^ 
poeitiTe  atoma  is  below  that  of  a  stage  of  stability^  can  have  a 
double  atomic  character.  Thns  cacodyl  is  sometimes  ttniatomie^  as 
in  oxide  of  cacodyl ;  and  sometimes  teratomic,  as  in  caoodylic  acid. 
Again  arsenio-monomethyl  (AsC^Hj)  is  biatomic  in  anenions 
diozymethide : 


As 


1  8 


and  quadratomic  in  monomethylarsenic  acid : 

rc,H3 

I  O 

As  <  O 
O 
O 

If  these  views  of  the  oonstitation  and  charader  of  organo- 
metallic  bodies  and  their  oomponnds  be  correct^  their  appli^tion 
to  the  organic  compounds  of  carbon  becomes  inevitable.  Begarded 
from  this  point  of  view,  the  double  atom  of  carbon,  like  that  of  tin^ 
is  qoadratomic  in  perchloride  of  carbon  and  carbonic  add : 

CI 
CI 
CI 
>Ci 

Perchloride  of  carbon.  Carbonic  acid. 

and  biatomic  in  piotochloride  of  carbon  and  carbonie  oxide : 


's  I 


CI  p  (O 

CI  ^  (O 


Ftetoehloride  of  esrboa.  Oarbonle  oxide. 

In  other  words,  the  qtiadratomic  stage  in  carbcm-compounds  is 
tlie  stage  of  maximum  saturation,  whilst  the  biatomic  stage  is  one 
of  exalted  stability.  If  we  subatitute  an  atom  of  chlorine  in  per* 
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chloride  of  carbon  by  one  of  ethyl,  we  prodnoe  a  body  having  the 
formula  of  triehlof hydrin : 

CI 
CI 
CI 

If  now  a  second  atom  of  clilorinc  be  substituted  by  one  of 
hydrogen,  we  have  a  body  exhibiting  the  composition  of  bichloride 
of  propylene : 


This  view  of  the  cou8titution  of  birliloritle  of  }iropyleue  renders 
its  relations  to  allyl  and  glycerin  compounds  at  once  simple  and 
intelligible. 

The  substitution  of  a  third  atom  of  hydrogen  gives  the  formula 
of  chloride  of  propyl : 

")  11 
(  ci 

wliilst  the  substitution  of  the  last  atom  of  chlorine  bv  hvdrocren 
yields  hydride  of  ])r()pyl,  and  its  replacement  by  ethyl  yields  the 
so-called  double  radical  ethy Ipropyl.  It  still  rem ains  for  ex periment 
to  produce  these  bodies  from  perchloride  of  carbon^  and  to  show 
that  they  are  identical  with  the  known  compounds  possessing  the 
same  percentage  composition.*  If,  however,  we  turn  to  the 
oxygen-compounds  of  carbon,  we  are  not  entirely  without  experi- 
mental evidence  of  the  correctness  of  this  view ;  since  one  atom 
of  oxygen  in  carbonic  acid  has  been  replaced  by  ethyl^  with  pro- 
daction  of  the  body  theoretically  indicatec^  namely  propionic  acid: 

'C4H3 
O 
O 

o 

Could  a  second  atom  of  oxygen  be  substituted  by  hydrogen,  we 
ought  to  produce  propionic  aldehyde : 

H 

O 
O 

*  Soeh  •xperiiuents  an  in  pngreai^  but  are  not  suffidently  advanoed  to  be  here  quoted. 
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The  replacement  of  a  third  atom  of  oxygen  hy  hydrogen  would 
then  yield  propylic  ether : 


whilst  the  replacement  of  the  last  atom  of  oxygen  by  hydrogen 
ahonld  give  rise  to  hydride  of  propyl,  and  by  nniatomic  peroxide  of 
hydrogen,  to  propylic  alcohol : 

H 


H 


Qydxido  of  propyl.  Propylle  alcohol. 

The  glycols,  are  also  constructed  upon  the  carbonic  acid  type : 

'C2H3 
H 

110., 


OlyooL 

and  to  the  same  type  belongs  also  the  teracid  alcohol,  glycerin. 


Under  the  influence  of  iodide  of  phosphorus,  glycerin  yields 
iodide  of  allyl : 

O 


HO,         <^  Igga 


o 


'a 


Glycozin.  lodido  of  slljL     Fhoiplioiie  add. 

Here  we  have  a  reduction  from  the  carbonic  add  to  the  car- 
bonic oxide  type,  of  precisely  the  same  nature  as  that  which 
occurs  when  cacodylic  acid  is  reduced  to  oxide  of  cacodyl.  Allylie 
compounds  are  therefore  constructed  upon  the  carbonic  oxide 
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OHtonifi  oaddtt.  Iodide  of  alljrl.  AUjrUo  aloohoL 

It  would  be  easy  greatly  to  extend  this  view  of  the  oonstitatioii 
of  oiganio  carbon  compounds;  but  the  above  examples  are  sofficient 
to  indicate  its  general  application  somewhat  more  fully  than  I  have 
previously  done,"*^  and  more  than  this  is  not  desirable  until  the 
hypothesis  has  been  further  supported  by  experimental  results. 

In  conclusion,  it  is  evident  tiiat  this  is  only  one  mode  of  applying 
to  organic  compounds  the  law  of  ehemicai  combination  which  I 
have  endeavoured  to  deduce  from  the  constitution  and  behaviour 
of  orgauo-raetallic  bodies.  Its  application  oupjht  to  be,  and  will  be 
found  to  be,  equally  truthful  in  referring  organic  compounds 
containing  hydrogen,  oxygen,  or  nitrogen,  to  the  inorganic  typical 
compounds  of  each  of  these  elements.  Thus^  for  example^  we  can 
represent  alcohol : 

Istj  as  derived  from  carbonie  acid : 

■C,H, 


2nd,  as  derived  from  teroxide  of  hydrogen : 
8rd^  as  derived  from  water : 


In  like  manner^  nitrogen  compounds  and  thdr  analogues^  whilst 
derived  from  typical  inorganic  compounds  of  nitrogen,  are  also 


*  Ann.  Ch.  Pharm.,  260 ;  Proc  of  Boy&l  huL  of  Oraat  Britain  for  1858.  It 
li  UgUy  zenariuiblo  thai  moio  than  thirtoen  jean  ago,  when  each  analogies  wen 
of  the  most  obscure  kind,  the  quick  perception  of  Liebig  led  him  to  point  oat 
analogous  relation.'^  between  carbonic  add,  alcohol,  fotmio  acid,  and  manbgas.  See 
Ann.  Ch.  Phaim.,  Iviii,  385.) 
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true  derivatives  from  the  carbou  types.  Thus  trimcthylamine  is 
correctly  written  as  a  derivative  from  carbouic  acid : 

I? 

Each  of  iheae  modes  of  notation  is  equally  oomct;  but 
I  conceive  tliat  a  large  number  of  tbose  organic  bodies,  which 
are  usually  formulated  in  accordance  w  ith  the  liydrogen,  water,  and 
hydrochloric  acid  models,  would  be  much  more  usefully  expressed 
upon  the  carbonic  acid  and  carbonic  oxide  types.  The  formulation 
of  organic  compounds  is  not  a  matter  of  indiiierencc,  even  to  the 
chemical  investigator;  and  hence  every  mode  of  expression  founded 
upon  broad  clicmical  rcltitious  ought  to  have  the  preference  over 
more  purely  artificial  methods. 


XX.-»-Qit  Acetoseybenzomie  Aeid,  an  Isomer  qf  Hqigmnc  Acid, 

Bt  O.  C.  FosviR. 

Ip  we  regard  hippuric  acid  as  benzoyl-glycocol,  or  glycocol  in 
which  an  atom  of  hydrogen  is  replaced  by  benzoyl,  it  seems  natural 
to  expect  that  an  acid  isomeric  with,  and  analogous  to,  liippuric 
acid,  might  be  obtained  by  replacing  an  atom  of  hydrogen  in 
oxybenzamic  acid  (syn.  bcnzamie  acid,  amidobcnzoic  acid)  by 
acetyl.  From  the  results  recorded  in  this  paper^  it  appears  that 
such  is  the  case. 

When  oxybenzamic  acid  is  heated  in  a  sealed  tube  with  alx)ut 
half  its  weight  (rather  more  than  one  equivalent)  of  monohydrated 
acetic  acid,  the  whole  mass  becomes  quite  fluid  at  about  130°  or 
140°U.  but  solidifies  almost  entiieLy  at  about  160%  all  that  remains 
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liquid  being  the  portion  of  acetic  add  used  in  excM.  Tlie  mc- 
tioii  which  takes  place  is  the  following 

Oxybcuzamic         Acetic  Aoetoxybcnzamio 
acid.  acid.  acid. 

Using  at  a  time  from  15  to  flO  grammes  of  oxybenzamic  acid^  I 
found  that  the  reaction  vas  quite  complete  after  an  hour's  heating 
to  l&f,  especiallj  if  advantage  had  been  taken  of  the  period  of 
complete  liquefaction  to  mix  the  materia^  thoroughly. 

The  same  product  is  also  formed  by  the  reaction  of  chloride  of 
acetyl  on  oxybensamate  of  aincf  3t  100^ : 

CyH^ZnNOs  +  C^HgOCl  =  C^H^NOg  +  ZnCL 

Oxybcnzamaio  of       Chloride  of  Acctoxvbcnzaiaic 
UDC.  acetyl.  acid. 

On  mixing  cliloride  of  acetyl  with  oxybenzamatc  of  zinc,  sufficient 
heat  is  given  off  to  volatilize  a  considerable  part  of  the  cliloride  of 
acetyl,  if  care  be  not  taken  to  condense  it,  and  the  whole  quickly 
*  solidifies  to  a  hard  mass  (probably  a  combination  of  the  two  sub- 
stance^ analogous  to  the  combination  of  hydrochloric  acid  with 
oxybenzamic  acid),  which,  in  a  sealed  tube  at  100°,  melts^  and 
then  again  gradually  solidifies;  complete  solidification  indicates 
the  end  of  the  reaction. 

Oxybensamate  of  sine  heated  with  two  equivalents  of  acetic 
add^  or  a  mixture  of  equivalent  quantities  of  hydrochlorate  of 
oxybenzamic  acid  and  acetate  of  calcium  with  a  little  acetic  acid, 
yidds  the  same  product;  bntneitherof  these  processes  is  adyanta- 
geous,  on  account  of  the  high  temperature  required,  and  the 
difficulty  of  thoroughly  mixing  the  materials. 

*  C  « is»  0  -  le. 

t  OzyboaflUDSto  of  sino  Is  oaiUy  obtidBed  by  mixing  solntioin  of  eUoride  of  sine 
sad  ozybenaiDsto  of  CBlcinni.  It  leiMrates  as  a  giMUilar  proeipitate  which  is  TOiy 
oisily  vadifld  on  s  filter.  It  is  noariy  inaolnhle  in  water,  but  eolnble  in  scetfe  add. 

*M84  gnn.,  dried  st  100%  was  boiled  with  carbonate  of  aodiom  till  completdr 
decomposed:  the  resDlting  carbonate  of  linc  yielded  on  Igidtioa  '0021  grm. 
oxide  of  cine 

Calculated.  Found. 
Zino  per  CiiDt   21  16  20*42 

T  have  fonn<l  the  fornintion  of  ih\n  Rali  to  be  s  convenient  method  of  separating 
oxybenzamic  acid  from  impure  solulioug. 
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The  substance  yielded  by  tbete  reactions  is  easUy  purified.  It 
is  snfiSdent  to  dissolve  it  in  an  alkali,  to  precipitate  the  solution 
by  hydrochloric  acid,  and  to  crystallize  the  precipitate  two  or 
three  times  from  boiling  water  or  alcohol.  Any  colouring?  matter 
which  still  adhorrs  to  the  product  thus  obtained  may  be  completely 
removed  by  animal  cliiirc  )nl. 

I  have  named  the  new  substaiico  uci'*oji'ybi  nz(fnvc  ucid. 

Dried  over  sulphuric  acid,  it  does  not  lose  weight  at  100**. 

'8788  grm.,  prepared  from  acetic  and  oxybenzamic  adds,  gave 
'8882  grm.  carbonic  acid,  and  '1766  gnn.  water. 

*2918  gnn.,  prepared  from  chloride  of  acetyl  and  ojybenzamate 
of  sine,  gave  *6S96  gnn.  carbonic  acid^  and  *189  grm* 
water. 

'4863  grm.  of  another  similar  preparation  gave  '9677  grm.  car- 
bonic acid,  and  '1987  grm.  water. 

*4802  grm.  of  the  same  product,  heated  with  soda-lim^  gave  a 
platumm-salt  containing  *2375  grm.  platinum.* 

*4442  grm.  of  the  same  product  gave  29*2  cc.  nitrogen  at  0"  and 
760  mm.  pressure. 

Gslealtted.  Found. 


Mean. 


0. 

m 

6088 

OOM 

00*88 

80*40 

—       —  80*84 

H. 

9 

6-08 

8-88 

8-06 

—       —  5-18 

K 

14 

7-82 

7*80      8-28      8  0S 

0, 

48 

26-82 

179 

100*00 

100*00 

Aoetoxybensamic  add  is  obtained  as  a  white  powder,  which, 
under  the  microscope,  is  seen  to  be  formed  of  needle-shaped 
crystals.  It  is  almost  insoluble  iu  cold  water  and  in  ether,  and  is 
oidy  moderately  soluble  in  boiling  water  or  in  cold  alcohol ;  in  boiling 
alcohol  it  dissolves  easily.  It  has  a  slightly  bitter  taste,  a  good 
deal  resembling  that  of  nitre.  Like  its  isomer  hippuric  acid,  it 
dissolves  readily  in  a  solution  of  common  phosphate  of  sodium, 
giving  an  acid  reaction  to  the  liquid,  but  is  reprecipitated  by 
acetic  or  a  mineral  acid.  It  is  soluble  in  strong  sulphuric  acid 
without  colouration  in  the  cold,  and  also  in  glacial  acetic  acid  ;  these 
solutions  are  precipitated  Ij)  dilution  with  water.    A  mixLuic  of 

*  In  the  decomposition  of  accLoxj  beu/amic  acid  by  soda-lime  very  Utile  ammoniA 
uformed;  nearly  th«  wbole  of  Uw  nitrogm  Is  givsn  off  as  salHiM. 
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aoetoxybeniamk  add  irith  snfficlent  strong  hydfochlorie  or  nitric 
add  to  make  it  flow  easilj  beooroea  nearly  soUd  on  standing  for  a 
few  minntesy  but  it  was  fonnd  that  a  mixtnre  of  hydrocbloric  add 
and  aoetoKybensainie  add  loses  all  its  bydrodiloric  add  wben 
dried  nnder  a  bell-jar  over  lime  and  snlpborie  add. 

At  abont  200*  acetoxybensamic  add  sublimes  somewhat  rapidly ; 
it  melts  between  220**  and  280^,  and  enters  into  ebnllttion  at  about 
260°,  apparently  undergoing  decomposition  at  the  same  time.  It 
may  be  boiled  for  a  lonji;  time  with  water,  and  even  with  dilute 
acids,  without  undergoing  perceptible  ekangc;  but  when  heated 
in  a  sealed  tube  with  liydroehloric  or  dilute  sulphuric  acid  to 
about  140**  it  is  decomposed  into  oxybenzauiic  and  acetic  acids,  just 
as  hippuric  acid  is  decomposed  under  similar  circumstances  into 
glycocol  and  benzoic  acid.  A  quantity  of  hydrochlorate  of  oxy- 
benzamic  acid  thus  obtained^  gaye  the  followiug  results  on 
enalysis 

*8767  grm.^  burned  with  cbromate  of  lead^  gave  *677  grm.  car* 

bonio  add»  and  '1719  grm.  water. 
*4899  grm.  gave  *8624  grm.  chloride  of  silver. 

Calculated.  Found. 

Carbon    ....    4842  4901 

Hydrogen    .    ...     4*61  507 

Chbrine  ....   20*46  20*39 

Another  quantity  of  acetoxybenzamic  acid  was  decomposed  by 
dilute  sulphuric  acid  of  10  per  cent.  When  the  decomposition 
was  complete,  the  contents  of  the  tu])e  were  transferred  to  a  retort 
and  distilled.  The  distillate  was  saturated  with  carbonate  of 
barium,  filtered,  and  evaporated.  The  barium-salt  so  obtained 
proved  to  be  acetate  of  barium. 

*8089  grm.,  dried  at  120°,  gave  -7846  grm.  sulphate  of  barium. 

Calculated.  Pooad. 
Barium  per  cent.    .    .    .   53*73  63*72 

The  residue  in  the  retoi  t  deposited,  on  cooling,  crystals  of 
sulphate  of  oxybenzamic  acid. 

Acetoxybenzamic  acid  is  similarly  decomposed  by  an  alcoholic 
solution  of  hydrochloric  add,  but  oxybensamatc  and  acetate  of 
ethyl  are  formed  at  the  same  time  as  the  corresponding  acids*  The 
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deoompontion  takes  place  dowly  in  the  oold^  Irat  quickly  at  100^ 
On  distilling  the  product  of  tke  reaction  in  a  water-ba^^  a  light 
ethereal  liquid, poeaeaaing  the  smell  and  general  properties  of  acetate 
of  ethyl,  passed  oyer  with  the  excess  of  alcohol,  and  was  separated 
firom  it  by  the  addition  of  water.  The  residue  in  the  retort 
crystallized  on  cooling  in  radiating  needles.  The  crystals,  which 
were  very  soluble  in  water  and  alcohol,  but  slightly  soluble  in 
ether,  were  recn  stallized  firom  water,  washed  with  ether,  and  dried 
over  sulphuric  acid. 

*4748  grm.  gave  '3501  grm.  chloride  of  silver. 
'892  grm.  gave  '2924t  grm.  chloride  of  silver. 
*G091  grm.,  burned  with  chiomate  of  lead,  gave  *964^  grm. 
carbonic  acid,  and  *2638  grm.  water. 

These  results  correspond  to  a  mixture  of  the  hydrochlorates  of 
oxyhensamic  acid  and  oxybenzamate  of  ethyl. 

Hjdrochloiate  of         Found.  Hydiochloniteof 
ozTbonsMiiic  add.  oxybensainaleof  oUijL 

Carbon   .   .   .   48-42  51-65  53*60 

Hydrogen    .   .     4-61  ry7G  5-96 

Chlorine  .    .   .   20  64      18-24      18  45  17-62 

'What  was  left  of  the  crystals,  after  making  the  above  analyses, 
was  dissolved  in  water,  a  slight  excess  -of  milk  of  lime  added,  and 
the  whole  shaken  up  with  ether.   The  ether  left,  on  evaporation, 

an  oily  liquid,  apparently  oxybenzamate  of  ethyl,  which  was  nearly 
insoluble  in  water,  but  soluble  in  hydrochloric  acid,  giving  a 
chloride  insolul)le  in  ether  and  oonibinint'  rcadilv  with  bichloride 
of  platinum.  The  quantity  of  the  platinum  salt  obtained  was  not 
suilieient  for  a  determination  of  the  percentage  of  platinum.  The 
aqueous  liquid,  from  which  the  ether  had  been  poured  off,  was 
filtered,  and  the  excess  of  lime  scparati  tl  by  carbonic  acid.  After 
being  somewhat  concentrated  by  evaporation,  it  gave  with  chloride 
of  zinc  a  precipitate  resembling  oxybenzamate  of  zine. 

Attempts  were  made  to  obtain  acetoxybehzoic  ueid,  CgllgO^, 
isomeric  with  benzoglyeollic  acid,  by  the  action  of  nitric  oxide  on 
a  mixture  of  nitric  acid  and  acetoxybenzamic  acid,  and  also  by  the 
action  of  nitrous  acid  on  a  boiling  aqueous  solution  of  acetoxyben- 
zamic acid,  but  in  both  cases  the  only  product  was  a  nitro-substi- 
tution  compound. 

AcetooffbenzamaU  qf  p*4a$$wm  was  jvepared  by  digesting  a 
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solution  of  tlie  acid  in  strong  alcohol  with  dry  carbonate  of  potas- 
sium. It  is  cxcpcdin-^ly  soluble  in  water,  and  dissolves  easily  in 
alcohol,  but  is  precipitated  from  this  solution  by  ether.  From  a 
solution  in  alcohol  containing  more  than  about  10  per  cent,  of 
water,it  is  precipitated  by  ether  in  the  form  of  a  strong  a(pieous 
solution  which  solidifies  only  nfter  staudinjj  for  a  considerable  time. 

Acetoxybenzamate  oj  sodium,  CgHgNaNOg  +  xU.j3.  —This  salt 
was  prepared  in  the  same  way  as  the  potassium  salt.  It  is  very 
soluble  in  water  and  easily  soluble  in  alcohol,  but  can  be  obtained 
crystallized  somewhat  more  e:isily  than  the  potassium  salt.  It  is 
insoluble  in  ether,  and  is  not  deliquescent.  * 

•468  grm.,  dried  between  120^  and  130^,  gave  aeSft  grm. 
sulphate  of  sodium. 

C':il('u1ated.  Found. 
(yi^NaNOa 

Sodium  per  cent.     .    .        11*44  11*32 

Acetojyhenzaiiiatc  of  barium,  CgH^liaNO.^  +  l  iHjO. —Obtained 
by  satnratinj^  a  hot  aqueous  solution  of  the  acid  with  carbonate  of 
barium.  It  is  very  soluble  in  \vat(;r  and  crystallizes  by  the 
spontaneous  evaporation  of  its  solution  in  minute  radiating  needles 
grouped  together  in  tufts.  It  dissolves  readily  in  spirit  of  wine, 
but  is  precipitated  from  a  strong  aqueous  solution  by  absolute 
alcohol.  It  loses  only  a  part  of  its  water  of  cry  stall  izatiou  at  100°; 
for  analyius  it  waa  dried  between  130'^  and  145**. 

1*8854  grm.«  dried  orer  sulphuric  acid,  lost  '1812  grm.  water 
between  130^  and  145"*. 

*8776  grm.  lost  0887  grm.  water  at  the  same  temperature. 
*6464  grm.  of  the  dry  salt  gave  *8027  grm.  sulphate  of  barium. 
*8788  grm.  gave  *1774  grm.  sulphate  of  barium, 
'3918  grm.  gave  '182I  grm.  sulphate  of  barium. 
'9185  grm.,  burned  with  chromate  of  lead,  gave  1'4625  grm. 
carbonic  acid,  and  *288  grm.  water. 
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Snbfltancea. 


Camphoric  ftcid  . . 
Camphoothylic  acid 
Camphomethylio  acid 
Kaphtlift.. 
Cane-sugar        . . 
Milk-Hugar 
Chmpe-Bugar 
Starch-flugar 
Diabetpes-eagar  . . 
OlDcosate  seft^alt 
TartAric  acid 
Malic  acid- 
Tartramide 
Aaimagine 
Tnrtramic  acid  . . 
A«partic  acid    . . 
Snlphamylie  add 
Amylic  alcohol  . . 
Fonuobenzoic  acid 
Qninieadd 
Quinine  . .       . . 
Quinidine 
Qmnicine 
Cincbonine 
Cinchoiiidine 
Oinchonicijio 
Qainoidhie 
Morphine         . . 
Bracine  .. 
StiTchiifno       •  • 
Karcotine 
Nicotine  . .       . . 
Santonine 
HoematoiyUii    . . 
Jalapin 
Pbloridsin 
Salicin  «• 
Populin  .. 
Codeine  ..  .. 
Karoeine.. 
Picrotoxlno 
Albumin  •  * 


iHrection. 


+  or 

+ 


+ 

+  or 

+ 

^  or 

+  or 
+ 


+ 

+ 
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Autboriiy. 


Bouohftrda^  Obratard 

Malapatl 

Loir 

Biot 

Clergei 
Poggiale 


M 


B6champ 
Clerget^  Liating 

Paateur 

Biot,  Paatonr,  AradUon 

Paatear 


ft 

n 
» 
»» 
» 
n 


Bouolisrdat^  Pftitear 


Pauteur 

Boaehardat 

Paateur 


n 


Wilhelmy 
Bovebardai»  Paateur 


Hemi- 
hediall 

Hem. 
Hem. 
Hem. 

Hem. 
Hem. 


Hem. 
Ham. 

Hem. 
Hem. 
Hem. 
Hem. 

Net 


Heni. 


Hen* 


Deaelolseanx 


Wilhelmy 


»» 


Bonchardai,  Blot  and  Pasteur 

Biot  and  Pasteur 
Bouchardat  and  Boudei 


A.  Becqaerel 


n 


I  have  not  attempted  to  express  in  this  table  the  amount  of 
rotatory  force  possessed  by  the  different  sabstanoes,  not  from  any 
lack  of  numerical  data,  but  for  the  following  reasons : — 

Itt.  It  has  been  frequently  determined  diflSsrently  by  different 
obserrers.  This  anaes  to  some  extent  from  actual  optical  dif- 
ferences in  the  samples  employed :  thus  oil  of  turpentine  is  known 
to  possess  different  powers  of  rotation,  even  wben  the  direction 
remains  the  same,  accoittsg  to  the  Idnd  of  pine  from  which  it 

YOL.  XIII.  8 
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etaae,  and  tke  ptocesses  adopted  in  preparing  and  purifTing  it. 
Again,  the  amoant  of  lokent  employed  is  a  fimitful  cause  of 

diversity. 

2iid.  Unfortunately,  in  determining  the  rotatory  force,  no  wni- 
form  standard  has  been  adapted.  Tbns,  Biot  reduces  his  observa- 
tions to  a  unit  of  thickness — ^namely,  one  millimeter,  and  he 
calculates  from  the  arc  of  rotation  of  the  rays  that  have  passed 
through  red  glass.  He  employs  the  following  formula  for  deter- 
mining the  specific  rotatory  power  (p),  in  which  a  stands  for  the 
are  of  rotation,  d  the  density,  and  I  the  thickness  or  length  in 

millimeters.  « 

a 

^  =  Ji 

And  if  tlic  substance  be  dissolved  in  some  optically  neutral  solvent, 
the  proportion  of  the  said  sul)stimee  in  one  part  of  the  solution  (jp) 
has  to  be  taken  into  account,  and  the  formula  stands— 

a 

'  317 

Wilhelmy,*  on  the  contrary,  laying  stress  on  the  molecular 
nature  of  the  force,  considers  it  preferable  to  take  the  diflFerent 

substances  in  quantities  })rop()rtioii{il  to  their  atomic  weiochts  in 
equal  weights  of  the  soh  cut ;  and  where  he  cannot  do  this,  he 
makes  a  reduction  on  the  hypothesis  that  the  relative  quantity  uf 
the  solvent  has  no  influence.  He  makes  his  calculations  also  for 
white  light,  and  assumes  the  molecular  rotatiug  power  of  caae 
sugar  as  100. 

A  tai)le  given  in  one  of  Wilhclray's  paperst  is  so  good  an 
illustration  of  the  elaborate  investigations  that  have  been  made 
into  this  subject,  that  I  have  reproduced  it  here. 


Unantiiy 

])«ce  of  rot&tiou. 



1  Molt-rular 
Atomic  rotiliu^ 

Snbttanee. 

(liMolred 

SolfeBt. 

Wbitc 
Ugtit. 

Red 

Light. 

0  =  luo. 

^  W  ltit« 

luilligr. 

4309 

Wakr 

+  32°5 

+  25° 

2154*6 

•l-lOO 

Nicotine 

1301 

Alcohol 

-16 

— —  with  hydrochloric  acid 

+  10) 

Santonin 

500 

» 

-9 

+  6-7 

-882S 

H«ixiatoxylin       . . 

1849 

n 

•  • 

+  13-5 

Jalapin   

2000 

n 

•  • 

-7 

*  Pogg.  Ann.,  Izxxi,  413,  4^9. 


t  Ibid,  IxxAi,  627, 
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Snlistuififl. 

Quantity 

1 

Solvent. 

Degree  of  rotation. 

Atomic 

Muk-calar 
rotating 

White 

Htsd 

Wfiizht 

<liwotred 

Light. 

Ltgitt. 

On  100. 

(White 
ligbg 

CMmpbor  

niilliirr. 

« 

o 

GOOO 

Alcohol 

T  91 

968*8 

+80*7 

'2377 

M 

—  1  1 

0-7 

—  Of 

308S*5 

-59-2 

«  •                                    •  • 

17&2 
891 

M 
M 

—  44 

—  la  0 

—  JSO 

1-2005*5 

-174 

•  With  i\i(nc  aoiil 

«* 

—  I  1 

•  • 

m  • 

-241-4 

 with  phosphoric  acid 

>' 

1  t 

—  Lo 

•  •  • 

-218 

Sulphate  of  quinine 

1000 

j  Water  &  1 
(sulp.  acid  1 

-24-5 

-16-7 

Valerate  of  quinine       ^  .  . 

•  > 

Alcohol 

— 1(5 

— 1« 

Hydrochlorate  of  fj.iinine  . . 

/)00 

M 

~~  X<j 

(JtMkonine  

451 

M 

•  ■ 

1948 

-1-815*8 

1      With  fix  I'ii'  acid 

494 

» 

•  • 

•  • 

+  802 

■"      With  uhosuhoric  acid 

952 

+  23-5 

•  * 

•  ft 

+  295 

— —  with  nitnc  add 

990 

»* 

*  OA 

+  all 

•  • 

+  257 

465 

n 

+ 1(1 

Qainoidine  

374 

»» 

T  y  0 

with  nitvia  add 

}> 

»> 

+  9  70 

• 

— —  with  phosphoric  acid. . 

M 

w 

+  10 

— -  With  hydrrx-hlorie  acid 

>» 

»> 

+  10 

—  with  sulphuric  acid  .  . 

•1 

+  11  5 

urncine 

OQ  J 

vo4 

-8 

•  • 

8448 

—172*5 

  with  phosphorii-  arid 

w 

0 

Karcutiuc  witii  sulphuric  ) 
acid                  . .  r 

986 

W«k«ar 

«  • 

4684 

+  109 

490 

n 

-4 

Ujrdrochioralc  ol  codeine  . . 

w 

-5 

SUMreal  oil  of  cobebo 

7460 

Alcohol 

-88-5 

7480 

Ether 

-15-4 

Balnm  of  coptivA . . 

7ff80 

r  Ether  1 
(withalchj 

-11-6 

Influence  of  state  of  Aggregation. — The  only  substance  which 
has  been  examined  in  the  three  different  states  of  aggregation— 
the  solidj  liquid,  and  gateous^  is  oil  of  turpentine,  and  it  has  been 
foand  to  exhibit  the  power  in  each  of  these  states.  It  rotates  the 
plane  of  polarization  to  the  same  extent  when  frozen  as  when  in 
ita  ordinary  liquid  condition;  but  Biot,  who  made  the  experiment 
on  the  yapour  of  turpentine,  was  nnable  to  determine  whether  the 
power  was  then  altered  ip-4|jaottnt.  It  was  neoessaiy,  as  will  be 
readily  understood,  to  loC^  througli  a  large  amount  of  the  vapour 
in  order  to  obsenre  any  effect  on  polariied  light;  in  fhct,  an  iron 
tube  15  metres,  that  is  50  feet,  long  was  employed  for  the 
experiment,  and  unfortunately  befbre  ihe  quantitative  determina- 
tion  was  completed,  a  burst  of  flame  occurred,  and  gave  rise  to 
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a  oooflagratioii  wbich  the  philosopher  eould  not  eztingaish  without 
the  aseistanoe  of  the  public. 

Tety  while  oil  of  tw^^tine  is  so  retentive  of  this  power,  its  very 
existence  in  some  other  substances  appears  to  depend  on  the 
manner  in  which  they  are  crystallized.  Thus  silica  does  not  show 
any  effect  on  ])olarizc"d  light  as  it  exists  in  the  opal,  or  indeed  in 
any  other  form  than  that  of  quartz-crystal. 

lufinmce  temperaiure, — Jost  as  the  refirangihifity  of  a  snb- 
stanoe  changes  with  alterations  of  the  temperature,  and  that  not 
/Nirj  pa$gu  with  the  change  of  denrity,  so  also  the  amonnt  of 
rotatory  power  Taries  under  like  (Srcnmstanoea.  There  are  how* 
ever  great  diffisrenoes  between  one  substance  and  another  in  this 
respect. 

Quarts  shows  an  increased  power  of  rotating  the  plane  of 
polarisation  when  it  is  heated,  and  that  to  the  extent  of  106^ 
or  109*5®  for  an  elevation  of  70°  C.  of  temperature.  This 
crystal  is  known  to  expand  by  heat  differently  in  the  direction 
transverse  to  what  it  does  in  that  parallel  to  its  axis. 

Tartaric  acid  is  similaily  affected,  and  that  to  such  an  extent 
that  Biot  found  himself  able,  by  reducing  the  temperature, 
actually  to  reverse  the  direction  of  the  rotation  in  solid  amorphous 
tartaric  acid,  the  right-handed  deviation  dimiiiishiiiii:.  becoming 
nil,  and  the  left-handed  commencing  before  the  thermuraeter  sank 
to3"C. 

Grape-sugar  in  solution  is  much  effected  by  changes  of  tem- 
perature; and  in  saccharimetry  by  means  of  polarized  light, 
acrount  must  be  taken  of  this  circumstance.  Clergct,*  who 
has  studied  this  subject,  finds  that  the  power  of  rotation 
decreases — not  increases— as  the  temperature  rises,  and  that 
according  to  the  quantity  of  sngar,  quite  irrespective  of  the  pro- 
portion of  water;  indeed,  it  is  the  same  whether  100  parts  of 
water  dissolve  1  or  l.?0  parts  of  sugar.  He  found  the  decrease 
between  10°  C.  and  35°  C.  to  be  in  the  proportion  of  very  nearly 
100  to  91.  Wilhelmy  has  determined  it  for  a  mueh  longer 
range  of  temperature^  and  deduced  the  formula 

D'  =  D  [1  -  0012  (f  -  0] 

in  which  D  and  D'  represents  two  amounts  of  rotation  corre- 
sponding with  the  temperatures  t  and 

*  AmL  Ch.  Fhja,,  [8]  zxri,  176, 
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8alt9  of  qmnine^  and  many  other  sabttanees,  are  also  known  to 
my  in  their  power  of  rotating  a  ray  of  polarised  light  acoording 
to  the  tempenitiire. 

Tet,  on  the  other  hand^  it  is  stated  that  the  essential  oil  of 

turpentine  has  exactly  the  same  power  at  55°  C.  as  at  10°  and 
even  when  frozen. 

Influence  of  Magnetism  or  Electricity. — I  cannot  help  alluding 
to  the  beautiful  discovery  of  Faraday,  that  a  polarized  ray  passing 
through  optically  inactive  bodies  may  be  caused  1o  rotate  by  the 
magnetic  or  electric  force,  and  that  the  rotation  in  ac-tive  bodies, 
sucli  as  oil  of  tui'pentine,  may  be  altered,  or  even  reversed,  at 
will.  This  part  of  the  subject,  however,  I  must  not  pursue  further^ 
as  it  belongs  purcdy  to  the  domain  of  physics. 

It^Menee  Solution. — Substances  which  exhibit  circular  polari- 
sation are  affected  by  solution  in  three  different  manners. 

Ist.  There  are  sabstanoea,  as  chlorate  of  8oda>  bromate  of  aoda^ 
and  the  doable  acetate  of  uranic  oxide  and  soda,  the  crystals  of 
which  exhibit  evidences  of  circular  polarisation^  but  are  perfectly 
inactiye  when  dissolved  in  water.*  These  bodies,  like  quartz,  appear 
fo  owe  this  property  to  the  manner  in  whidh  their  molecules  are 
arranged  in  tiie  crystals. 

2nd.  There  are  other  substances,  all  of  them  oi^anic,  which 
exhibit  the  same  polarizing  power,  whether  they  are  in  the  solid 
state  or  dissolved  in  some  optically  neutral  solvent,  such  as  water 
or  alcohol.  This  cannot  generally  be  determined,  as  iii  most 
crystals  of  such  bodies  the  phenomena  of  circular  polarization  are 
masked  by  the  double  refraction ;  but  "  barley-sugar "  has  been 
found  to  have  the  same  or  nearly  the  same  power  of  rotation  as 
tlie  sugar  when  dissolved  in  water;  and  it  has  been  recently 
shown  that,  whatever  the  amount  of  water  in  which  it  is  dissolved, 
the  rotatory  power  of  sugar  is  rigorously  constant. f  Oil  of 
turpentine  belongs  to  this  class.  In  such  cases^  the  substances 
seem  to  owe  their  power  of  rotating  the  plane  of  polarization  to 
the  very  structure  of  their  molecules. 

drd.  There  are  other  substances  in  which  the  result  partakes  to 

•  Msrbstfb,  Ann.  Ch.  Phys,  [8]  zUii»      zliv,  41.  Biot  oonfiims  snd  dnnr 

philoeopliicsl  deductions  from  these  experiments, 
t  ArndUttB,  Ann.  Ch.  Pbys.,  UU  40d. 
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a  oertain  extent  of  both  these  chitf  acten,  where,  indeed,  it  woold 
seem  that  the  individual  action  of  the  molecolea  i»  aooompanied  in 
the  solid  state  by  another  action  arising  from  their  regular 
arrangement.  Thus  sulphate  of  strychnine*  evaporated  at  a 
temperature  of  between  10^  C.  and  20°  G.  gives  a  salt  which 
contains  13  atoms  of  water.  It  crystallises  in  the  system  of  the 
rectangular  prism  with  a  square  base^  and  is  of  such  a  form  as  to 
allow  the  reco^ition  of  the  circularly  polarizing  power.  It 
rotates  the  ray,  in  fact,  to  about  luili  the  cxUnt  tliat  kft-haiulcd 
quartz  dues ;  but  tlic  solution  of  sulpltatc  of  strycliuinc  in  water, 
tliougli  it  also  rotates  the  plane,  does  so  only  to  j^^th  or  -^ih  part 
of  the  extent  to  which  these  crystals  do. 

Tartaric  acid  when  obtained  in  a  transparent,  solid,  amorplious 
state  by  mixing  it  with  boracie  acid,  was  found  to  exhibit  circular 
])olarizati()n ;  but  different  proportions  of  water  cause  very  re- 
markable, and  as  yet  unexplained,  ditl'erenees  in  the  optical 
character  of  a  solution  of  tartaric  acid.  The  plane  of  polarization 
of  the  green  rays  is  iu  fact  caused  to  deviate  more  than  that  of 
any  other  colour,  and  Arndtzen,  wlio  has  worked  out  the  whole 
of  this  matter  with  much  care  and  ability,  found  when  operating 
with  ordinar}'  (that  is  right-handed)  tartaric  acid  dissolved  in 
alcohol  instead  of  water,  that  he  could  obtain  a  left-hauded 
rotation  for  the  blue  rays.  The  same  observer  founds  in  reference 
to  camphor  dissolved  in  alcohol,  that  the  rotatory  power  augments 
with  the  refirangibility  of  the  rays  more  rapidly  tiian  in  the  case  of 
most  active  bodies,  and  that  the  rotatory  power  decreases  regularly 
with  the  concentration  of  the  Bolution.t 

If^Utence  of  Chemical  Combination  or  8ub9ti(tUion.-^ln.  most 
cases  this  property  appears  to  be  so  intimately  connected  with  the 
'  structure  of  the  molecule  itself  that  it  is  unaffected,  or  little 
affected,  by  chemical  changes  of  an  important  character. 

Thus  an  optically  active  acid,  such  as  tartaric  add,  will  carry 
its  rotatory  power  into  its  salts ;  and  similarly  an  optically  active 
base,  such  as  quinine,  will  exhibit  the  phenomena  of  circular 
polarization  when  combined  wiih  mactive  acids.  From  observa- 
tions on  neutral  and  bitartratc  of  potash  and  ammonia,  which  arc 
isomorphous,  Pasteurij:  has  drawn  the  couclu;sion  that  when 

•  Deacloizeaux,  Ann.  Ch.  Pliya.,  [3]  li,  361. 

f  Ann.  Ch.  Vhy.,  [S]  )lv,  408.  Biot  hid  experimented  on  these  mattoit  pre* 
Tiondj ;  Bee  Ann.  Gb.  Phys.,  [8]  uxvl,  257, 405. 
X  InsU,  1850, 880. 
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quantitif  s  of  isotnorphous  substances  corresponding  to  the  equi- 
valents arr  dissolved  in  equal  quantities  of  water,  these  solutions 
rotate  the  plane  of  polarization  to  an  equal  degree.  But  it  must 
not  be  supposed  that  as  a  general  rule  the  optically  inactive  base 
or  acid  exerts  no  modifying  influence  on  the  phenomena  exhi- 
bited by  the  actiye  element  with  which  it  is  combined.  A 
glance  at  the  abore  qnoted  table  of  Wilhelmy  will  show  that 
it  is  otherwise.  Bonohardat*  has  given  numbers  which  indicate 
ibat  the  combination  of  camphoric  acid  with  soda  or  with 
ammonia  reduces  its  rotatory  pow^ ;  some  malates  have  a 
positive,  others  a  negative  rotation ;  and,  as  a  fbrther  example, 
aspavagine  if  dissolved  in  pure  water  or  in  alkalis  turns  the 
plane  ot  polarisation  to  the  l^,  but  if  in  mineral  acids,  it  turns  it 
to  the  rightf 

Oxidation  even  does  not  necessarily  destroy  this  power,  for 
camphor  retains  it  when  it  has  been  oxidized  into  the  camphoric 
acid  jost  alluded  to;  nor  does  the  substitution  of  a  eomponnd 
radicle  for  hydrogen,  as  is  shown  by  the  optical  properties  of 
camphovinict  and  camphomethylic  acids. §  The  conversion  of 
an  acid  into  an  amide,  and  that  again  into  the  corresponding 
amidogen-acid,  is  not  even  fatal  to  the  retention  of  this  optical 
power,  as  is  evidenced  by  the  activity  not  only  of  tartaric  acid,  but 
also  of  tartramide  and  tartramic  acid;  and,  in  a  parallel  manner 
not  only  of  malic  acid,  but  also  of  malamide  and  mUamic  acid— 
that  is,  asparagine  and  aspartic  acid.|| 

It  must,  however,  be  supposed  in  reference  to  every  circularly 
polarizing  substanee,  tlitit  there  is  some  amount  of  chemical  change 
which  the  molecule  cannot  suffer  without  losing  this  property. 
In  the  case  of  the  two  acids  just  mentioned,  tartaric  and  malic, 
we  find  this  point  passed,  when  by  the  action  of  heat  they  are 
converted  into  other  acids,  with  evolution  of  part  of  their  con- 
stituent elements :  for  pyrotartarie,  fumaric,  and  maleic  acids 
have  no  effect  on  the  polarised  beam.^  And  here  must  be  men- 
tioned one  of  Pasteur's  remarkable  observations.  From  fumarate 
of  ammonia,  which  is  inactive,  aspartic  acid  may  be  produced ;  but 
this,  unlike  ordinary  aspartic  add,  is  itself  inactive ;  and  again  firom 
this  may  be  reproduced  malic  add,  which  also  in  its  turn,  unlike 

*  Comp.  rend.,  xxTiiif  319.  t  Pastenr,  Ann.  Ch.  Pbys.  [3]  xxxi,  67< 

t  Malagtiti.  §  Loir,  Ann.  Cb.  Ph^'U,  [3]  xxxviii,  488. 

U  Taste ur,  Ann.  Ch.  rhjn.  [3j  xxxviii,  437.  H  Ibid,  xxxi,  67. 
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that  derived  directly  firom  the  plant,  has  no  influence  on  the 
polarized  beam.* 

As  yet  we  have  no  evidence  that  an  o(>tically  active  substance 
has  ever  been  artificially  prepared  firom  one  that  is  optically 
inactive,  though  such  is  constuitly  occurring  in  nature.  The 
tartaric  acid  which  Liebig  has  very  recently  prepared  has  been 
found  to  rotate  the  plane  of  polarization  like  natural  tartaric  add^t 
but  then  it  most  be  borne  in  mind  that  it  was  prepared  from 
milk-sugar,  which  is  itself  endowed  with  this  property.  It  will 
be  interesting  to  determine  whether  the  tartaric  add  which 
Perkin  and  Duppahavejuit  succeeded  in  preparing  from  succinic 
acid  exhibits  this  power,  for  succinic  acid  as  yet  is  not  classed 
among  thosr  bodies  which  display  it.  Yet  from  its  analoiry  to 
tartaric  and  malic  acids,  it  would  appear  highly  probable  that 
succinic  acid  ahould  rotate  the  polarized  beam.  A  specimen  said 
to  have  been  prepared  from  stearic  acid  was  found  by  me  to  be 
perfectly  inactive ;  but  it  is  quite  possible  that  the  succinic  add 
prepared  fiom  malic  acid,  or  that  which  Dessaig no 8|  announces 
he  haa  prepared  firom  tartaric  add>  may  piro?e  capable  of  rotating 
a  ray  of  light. 

The  mutual  relationship  of  the  substances  liore  referred  to  will 
be  readily  understood  by  a  reference  to  the  following  table : 


C  =  6;  0  =  8 

C  =  12 ;  0  «  16 

Tartaric  acid  . 

Malic  acid 

.  2HO.C8H,0„ 

Succinic  acid  . 

.  2HO.C8H^06 

Tartramide 

Asparagine 

Tartramic  add 

.  HO.C8H<|NOp 

Aspartic  add  . 

.  HO.CsHeNO, 

Pvrotartaric  acid 

.  HO.CJI.O, 

€311,03 

Fu marie  acid  . 

.  2110.C,ll206 

Malcic  acid  . 

.  2HO.C8H2O6 

RekUim  between  Crystalline  Form  and  the  power  of  Circular 
Polarizaium. — As  far  back  as  1820  Herschel  found  that  the 
ciystals  of  right-handed  and  of  left-handed  quartz  differ  in  form, 
and  from  the  indinatiojQ  of  certain  facets  he  was  able  to  foretel 

•  Ann.  Ch.  Phys.,  [3J  xxxiv,  80.  t  Bobn,  Ann.  Ch.  Pharm.,  Jan,  1860. 

t  Gompt.  rend.,  AprU  16, 1860. 
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Tt'hat  would  be  the  direction  of  the  rotation  in  any  particular 
specimen  ;*  but  it  was  reserved  for  Pasteur  to  sliow  that  this 
relation  between  the  crystaUine  form  and  the  rotatory  power  ia 
one  that  generally  obtains. 

It  is  well  known  that  the  law  of  symmetry  docs  not  hold  good 
in  all  crystals.  These  exceptional  forms  have  been  termed  hemi- 
hedral.  It  will  sometimes  happen  also  that  a  substance  will 
crystallize  in  two  forms  which  are  both  unsymmetrical^  bat  anaym- 
mettical  in  opposite  directiona— that  is  to  bbj,  the  one  form  will 
appear  identical  with  the  other  only  when  it  ia  aeen  reflected  in  a 
mirror.  They  differ,  in  factj  in  the  same  way  as  one  side  of  our 
ftuse  differs  f^om  the  other,  or  as  our  two  handa  differ.  Theae 
are  variooaly  called  not  aaperpoeable,  incongruous,  or  opposite 
hemihedra. 

From  an  obaer^ation  of  ilie  opposite  hemihedral  eharaeter  of 
crystalfl  of  the  doable  racemate  of  soda  and  ammonia,  Paateur 
oommenced  that  seriea  of  observationa  which  led  him  to  the 
•  discovery  that  raoemic  acid  ia  composed  of  two  tartaric  adda, 
with  opposite  bat  equal  powers  of  polarisadon,  coigoined  together 
as  one  substance;  to  the  isolation  of  left-handed  tartaric  add; 
to  the  artificial  preparation  of  racemic  acid ;  and  of  a  neutral  and 
nnresolvable  tartaric  acidf — discoveries  which,  however  interesting, 
I  refrain  from  dwelling  on,  as  the  papers  in  which  they  arc 
explained  have  been  printed  in  our  Quarterly  Joui'ual^  and  are 
well  known  to  chemists  in  this  country. 

The  same  philosopher  has  shown  by  a  great  number  of  in- 
stances that  when  a  substance  crystallizes  in  opposite  hemihedra, 
it  indicates  the  existence  of  two  opposite  powers  of  rotation,  and 
that  active  and  inactive  bodies  will  not  crystallize  together, 
however  isomeric. ^  Yet  it  cannot  be  laid  down  as  a  universal 
law  that  this  property  of  matter  in  a  crystalline  state  is  always 
accompanied  with  the  power  of  circular  polarization,  for  formate 
of  atrontia  gives  opposite  hemihedra,  but  neither  kind  of  crystal 
when  separated  from  the  other  and  dissolved,  haa  any  influence 
on  polarized  light.§  Sulphate  of  magnesia  is  an  analogous 
instance.   Nor,  on  the  other  hand,  can  it  be  afitoned  that  thia 

•  See  hiu  remarks  on  this  subject  in  his  article  on  Light  in  the  BxusjO^  M^Uo]^, 
par.  1042,  in  which  he  almost  prophecies  more  recent  di^covoricH. 

t  Ann  C'h.  Phys.,  [3]  xxiv,  442  ;  xxriii,  66,  and  CompU  rend.,  xxxm,  162. 
t  Ann.  Ch.  Vhyti,  [3J  xxxviii,  437. 
i  Ibid,xxxl,«7. 


uiyiiized  by  Google 


266  GLADSTONE^  OH  CIRCULAB  FOLul&lZATlOM. 


optical  property  is  necessarily  connected  with  the  power  of  forming 

such  crystals;  for  two  aulphamylic  acids  have  been  discuvcied 
wliich  are  isomeric,  aud  a]>.solutely  identical  in  the  crystalline 
form  of  their  salts,  without  showin":  any  disposition  to  form 
hemiliedra,  and  yet  the  one  is  active  and  the  other  inactive* 

The  inactive  aspartic  acid  derived  from  fumarate  of  ammonia 
does  not  crystallize  in  hemiliedra,  as  the  ordinary  aspartic  acid 
do{  s  ;  and  similarly  there  are  some  difl'erenccs  in  the  crystalline 
form^  of  the  salts  of  the  natural  or  actiye^  and  of  the  artificial  or 
inacti\  e  malic  acid. 

Mar  bach  t  has  observed  that  though  chlorate  of  soda  ci-y  stal- 
lizes  in  opposite  hemihedra,  and  in  that  condition  exercises  an 
influence  on  the  polarized  beam,  yet  a  solution  of  either  right* 
handed  or  left-handed  crystals  alone  is  perfectly  inactive,  and  the 
salt  crystallizes  out  from  such  a  Boiutio&  in  Soth  forms  instead  of 
that  only  from  whidi  it  was  made. 

CiacuxAa  Polakization  as  af; lied  to  Chemical  Inquuuss. 

The  plicnomciia  of  circular  polarization  have  been  applied  to 
many  practical  purposes  in  chemical  research.  These  may  be 
conveniently  grouped  under  three  heads — the  quantitative  estima- 
tion of  certain  organic  products;  the  determination  of  what  is 
going  forward  in  a  solution;  and  the  examination  of  isomeric 
substances. 

Ist.  Quaniitatwe  estimation  of  certain  organic  products. 
Cane  Sugar. — As  cane  sugar  dissolved  in  water  r(jtales  the  ray 
of  polarized  light  to  an  extent  directly  proportional  to  the  amount 
of  sugar  in  a  given  depth  of  liquid,  and  irrespective  of  the  amount 
of  water,  or  of  the  simultaneous  presence  of  optically  inactive 
substances,  this  property  is  frequently  made  use  of  to  effect 
a  quantitative  determination.  ClergetJ  has  worked  out  this 
process  very  fully,  and  otliers§  have  since  somewhat  extended 
or  modified  his  observations.    Instruments  have  been  devised  for 

*  Compt.  rend.,  xlii,  1259. 
t  Aun.  Ch.  Phys.,  (^8]  xUt,  4L 
X  Ibid,  xxvi,  176. 

§  Especially  Wilhelmy  aad  ArndUen,  in  papers  prerioiMly  lafoned  to;  Pohl, 
Wien.  Acsd.  Berieht^  xsl,  498 j  and  MichKeli^,  ivom,  Fbaim.  Gabem.*  laxr, 
464. 
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the  purpose  by  Biot,  Solcil,*  Savart,  Powell, t  Liccson,^ 
Mitscherlich,  but  the  simplest,  and  perhaps  the  most  cflfective, 
is  a  moflificatiou  of  Blot's  apparatus  which  Mr.  Heisch  employs, 
and  has  kiudlv  lent  me  on  this  occasion.    It  consists  essentially 

■r-  » 

of  three  parts — a  polarizer,  an  analyser,  and  a  tube  for  holding  the 
solution.  The  polarizer  is  aNicoll's  prism  and  plano-convex  lens 
to  render  the  rays  parallel;  the  analyser  consists  of  a  small  aper- 
ture in  a  brass  plate,  a  lens,  and  an  achromatic  prism  of  doubly 
refracting  spar,  and  it  is  attached  to  the  vernier  of  a  graduated  circle. 
Tlie  tube  through  which  the  polarized  beam  passes  between  the 
polarizer  and  the  analyser  is  a  narrow  tube  of  black  glass  ground 
in  the  inside  with  coarse  emery,  and  fitted  at  each  end  with  coyers 
of  perfectly  parallel  glass.  Several  such  tubes  of  various  known 
lengths,  so  as  to  hold  different  quantities  of  liquid  are  provided, 
and  the  position  of  the  polarizer  and  analyser  can  be  easily 
adapted  to  each.  If  when  the  index  of  the  scale  is  sit  0^  and  the 
extraordinary  image  is  at  its  greatest  obscoration,  a  sohitUm  ef 
sugar  be  placed  in  the  tube^  it  is  easy  to  determine  how  much 
the  analyser  must*  be  now  turned  round  in  order  to  bring  the 
extraordinary  image  again  to  its  greatest  obscuration,  or  rather 
to  the  "  sendtiye  tint/'  It  is  impossible  here  to  enter  into  the 
minutin  of  the  apparatus,  or  of  the  treatment  of  the  solution; 
suffice  it  to  say  that  Heisch  prefers  operating  by  lamp  lights 
and'  has  found  that  it  requires  6*09  per  cent,  of  cane-sugar  to 
produce  a  rotation  of  1°  in  a  depth  of  1  inch:  hence  the  per- 
centage in  the  solution  examined  may  be  reckoned  according  to 
the  simple  formula 

|,    =  609-j 

a  representing  the  arc  of  rotation,  and  /  the  length  in  inches. 

Asi  ingenious  method  of  confirming  the  amount  of  cane-sugar 
in  a  solution,  or  of  detennining  it  in  the  presence  of  other 
optically  active  bodies,  is  founded  on  the  property  possessed 
by  this  sugar  of  being  converted  by  acids  into  a  sugar  which 
exhibits  the  opposite  or  left-handed  rotation.    The  following 

*  The  EnglUh  reader  will  find  a  deaoriptiott  of  thia  instniment  by  Dr.  Beace 
Jones  in  the  Pham.  Jonm.  aad  Tnuuu,  3d,  456. 
t  Phil.  Mag.,  April,  1848. 
X  Hraa.  Chein.  8oc.,  ti,  S6. 
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foraiula  serves  for  this  inverted  sugar,  according  to  Ileisch, 
at  15°  C. 

p   s    16*026 -y- 

Aji  glucose  rotates  the  plane  of  polarization  to  the  xight,  and  is 
not  capable  of  inTenion  b7  acids,  this  process  will  even  senre  to 
determine  the  xespeoiiTe  amounts  of  cane-sugar  and  glucose 
if  mixed  together  in  solution.  Or  the  same  may  be  effected  by 
detennining  the  rotation  of  the  mixed  solution,  boiling  it  with 
potash,  which  destroys  the  glucose,  and  then  again  determining 
the  rotation  which  is  now  due  solely  to  cane-sugar. 

Other  migm* — ^Benoe  Jones*  has  published  analyses  of  the 
different  wines  of  commerce,  in  which  he  determined  the  grape- 
sugar  by  means  of  SoleiPs  saccharimeter. 

Poggialct  has  employed  a  similar  method  for  the  estimation 
of  the  amount  of  sugar  in  milk. 

Listingt  has  published  optical  determiuatioiis  of  the  sugar  in 
diabetic  urine.    The  formula  of  He  is  eh  for  this  sugar  is 

p    s=    8*846  ~ 

if  albumin  be  present,  it  must  be  removed,  as  it  possesses  itself 
«an  influence  on  polarised  Ught. 

Albumin, — ^This  substance  may  likewise  be  estimated  by  means 

of  its  rotating  power,  and  A.  Becquerel§  has  in  fact  measured 
in  this  way  the  proportion  of  albumin  contained  in  the  serum  of 
blood. 

2nd.  Determmaium  qf  whai  i$  going  fonoard  in  a  wkttion. 
The  yariations  in  the  plane  of  polarization  will  often  indicate 
changes  in  a  solution  which  could  not  be  watched  by  any  other 
method,  or  even  the  existence  of  which  might  never  otherwise 
have  been  recoguized. 

Thus  Wilhelniyll  investigated  the  actiou  of  sulphuric,  phos- 
phoric, nitric,  and  hydrochloric  acids  on  cane-sugar,  and  examined 
mathematically  the  progress  of  the  change  with  reference  to  time. 
He  satisfied  himself  that  the  final  result  of  tlie  conversion  of  the 
sugar  is  independent  of  the  q^uantity  of  acid  origiually  added. 

*  Fkoo.  Aoj.  hist  Vol.  L         t  Compt.  rend.,  xxviii,  i(05,  684. 
t  Ann.  Ch.  Phann.,  son,  9S,  101.  |  Goupt.  rsnd.,  xxiz,  625. 

D  P48ff<  Ann.  Uxzi,  418, 499. 
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Biot  investigated  a  very  cmioiu  state  pf  oombiiistioii  between 
tartaric  acid  and  boraoic  acid  wben  they  are  both  dinolved 
together  in  water,  and  he  endeavoured  to  determine  the  nature  of 
the  transfbrmation  which  tartaric  acid  iindergoes  when  acted  on 
by  heat.  He  has  applied  circular  polarization  also  more  widely 
to  the  study  of  the  question  of  the  condition  of  a  substance  in 
solution.  The  papers*  which  contain  these  inquiries  are  very 
lengthy,  and  include  much  philosophical  reflection  on  the  subject 
in  general. 

Thus  also,  from  some  observations  of  B  on  chard  at  on  the 
effect  of  polarized  light  on  camphoric  acid,  the  same  saturated 
with  soda,  and  then  supersaturated  with  hydrochloric  acid,  I  was 
able  to  derive  from  a  novel  source  an  additional  illustration  of 
the  reciprocal  decomposition  of  binary  componnds  in  solution. + 

BechampI  too,  from  observations  with  the  polariscope,  arrived 
at  the  conclusion  that  crystallized  starch  sugar  is  a  combination 
which  cannot  exist  indefinitely  except  in  the  solid  state,  and  that 
when  dissolved  in  water  it  loses  its  combined  water,  slowly  in  the 
cold,  but  rapidly  under  the  inflaence  of  heat,  resembling  in  this 
respect  hydrated  oxide  of  copper  or  hydrated  oxide  of  iron  in  the 
presence  of  water.  In  fact  he  supposes  that  the  C|,H|20|2.2HO 
when  dissolved  passesi  during  the  lapse  of  a  certain  number  of 
honrsy  wholly  into  Ci,H,,0,9. 

3rd.  Examination  of  isomeric  substances. 

Reference  has  already  been  made  to  the  researches  of  Pasteur 
bv  which  he  unravelled  the  relations  between  raccmic  and  tartaric 
acids,  and  enriched  our  knowledge  of  many  organic  compounds 
by  exhibiting  isomeric  bodies  identical  with  them  save  in  their 
action  on  polarized  light,  and  perhaps  their  crystalline  form. 
Their  solubility  appears  also  in  some  instances  to  be  slightly 
affected.  His  discoveries  however  have  not  been  confined  to 
those  already  alluded  to.  Finding  that  there  erist  two  sulph- 
amylic  acids,  the  one  possessed  of  the  rotatory  power  and  the 
other  not  possessing  it,  he  was  able  by  their  decompositiou  to 
produce  two  amylic  alcohols  differing  slightly  in  their  physical 
properties.  §    His  very  original  examination  ol  the  cinchona 

•  Ann.  Ch.  Phya.,  xxviii,  215,  351  ;  xxxvi,  257,  405. 
t  Chem.  Soe.  Qn.  J.,  ix,  148. 

t  Oompt  nnd^  xlii»  640.  Dnbrnnfaat  dlilins  from  tUs  explanstisoi  ibid,  78S  t 
but  B6champ  defends  his  own  Tlew,  ibid,  890. 
$  Gorni^  rend.,  xlii,  1269. 
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alkaloidSj  and  the  two  isomeric  groups  at  the  head  of  which  stand 
quinine  and  ciiicbonine!,*  I  shall  onlj  jnst  refer  to^  as  his  pi^r 
was  reproduced  in  our  Quarterly  Joamal.t 

Bifferent  isomeric  essential  of  the  oomposltioii  CgH^  might 
be  distinguished  hj  this  method^  but  the  data  seem  wanting  for 
the  practical  application  of  circular  polarisation  to  the  analysis 
of  them. 

Berth elot}  has  by  the  same  agency  inyestigated  a  very 
remarkable  change  that  takes  place  in  oil  of  turpentine^  or  oil  of 
lemons^  by  the  action  of  acids,  alkaline  or  earthy  cUorides,  or 
9ome  other  salts.   This  isomeric  modification  is  indicated  by  a 

reduction  of  the  rotatory  power  whether  positive  or  negative ;  it 

never  entirely  disappears,  but  tlierc  are  grounds  for  belienng 
that  the  result  \s  a  mixture  of  unaltered  oil,  and  oil  which  has 
been  rendered  inactive.  It  is  not  necessary  that  the  salt  which 
produces  this  singfular  ehan«:e  should  dissolve  in  the  oil,  for  even 
the  insoluble  fluoride  of  calciutn  has  a  strongly  marked  eifect. 


XXIV.— ON  CHEMICAL  ANALYSIS  BY  SPECTRUM. 

OBSERVATIONS. 

Bt  PROFEs^oRa  KIRCH  HOFF  and  fiUNSEN. 

(Prom  PoggendorlTi  Annalen,  Bd.  ox.  S.  Ml.) 

IT  is  well  known  that  m:iny  substances  possess  the  power  of 
developin<r  peculiar  bright  lines  in  the  spectrum  of  a  flame 
into  whicli  thv.y  are  introducod.  This  property  may  be  made  the 
foundation  of  a  method  ot  qualitative  analysis,  which  greatly 
enlarges  the  field  of  chemical  reactions,  and  leads  to  the  solution 
of  problems  hitherto  unapproacliahle. 

The  bright  lines  produced  lu  this  manner,  show  themselves 
most  plainly  when  the  temperatoie  of  the  flame  is  highest  and 
its  illaminating  pow«r  least.  Hence  Bunsen's  gas-burner^  which 
gives  a  flame  of  very  high  temperature  and  very  slight  luminoaityj 
is  well  adapted  for  experiments  on  the  bright  lines  ^  the  flame- 
spectra  produced  as  above  described. 

The  coloured  phitc  at  the  end  of  this  paper,  shows  the 
spectra  given  by  such  n  flame  whrn  the  chemically  pure  chlorides 
of  potassium,  sodium,  lithium,  strontium,  calcium,  and  barium  are 

•  Comp.  rend ,  xxxvii,  lio.  +  Vol  fi,  p.  278, 

X  Ann.  Ch.  Pbj9.,  [8]  xzxrui,  88.  " 
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yolatilised  in  it.  The  ordinary  solar  apeotnun  la  added  hy  way  of 

oomparison. 

The  potassium  compound  employed  waa  obtained  by  igniting 
chlorate  of  potassium  Avliich  had  been  previously  recrystnllizcd 
six  or  ei^cht  times.  The  chloride  of  sodium  was  prepared  by 
neutralizing  pure  carbonate  of  sodium  with  hydrochloric  add  and 
crystallizing  the  salt  several  times. 

The  salt  of  litiiiuiji  was  purilied  by  precipitation  fourteen  times 
with  carbonate  of  ammomnm. 

The  purest  specimen  of  marble  which  could  be  obtained,  dissolved 
in  hydrochloric  add,  was  the  source  of  the  caldnm  salt.  From 
this  solution  the  carbonate  of  calcium  was  thrown  down  in  two 
portions  by  fractional  precipitation  with  carbonate  of  ammonium, 
the  latter  half  of  the  calcium  salt  being  converted  into  the  nitrate. 
The  salt  thus  obtained  was  dissolved  in  absolute  aleohol,  and  after 
evaporation  of  the  alcohol,  converted  into  the  chloride  by  precipi- 
tation with  carbonate  of  ammonium  and  solution  in  hydrochloric 
acid. 

To  obtain  pure  chloride  of  barium,  the  commercial  salt  was 
boiled  out  repeatedly  with  nearly  absolute  alcohol,  and  the  residual 
salt  freed  from  aloohol  was  dissolved  in  water,  and  thrown  down 
hy  fractional  predpitation  in  two  portions.  The  second  only  of 
these  portions  was  dissolved  in  hydrochloric  add,  and  the  salt  still 
further  purified  by  repeated  eryataUiaations. 

Pure  chloride  of  strontium  was  prepared  by  erystallizing  the 
coniincrcial  salt  several  times  from  alcohol,  and  by  fractional  pre- 
cipitation of  the  salt  with  carbonate  of  ammonium,  the  second 
portion  ])eing  dissolved  in  nitric  acid,  and  the  nitrate  freed  from 
the  last  traces  (jf  calcium  salt  by  boiling  with  alcohol.  The  pro- 
duct thus  purified  was  lastly  thrown  down  with  carbonate  of 
ammonium,  and  the  predpitate  dissolved  in  hydroehlorie  add. 
All  these  various  purifications  were  conducted  aa  much  as  posnble 
in  platinum  vessels. 

The  apparatus  which  we  have  usually  employed  for  our  spectrum- 
observations  is  represented  in  the  annexea  woodcut.  A  is  a  box 
blackened  on  the  inside,  having  its  horizontal  section  in  the  form 
of  a  trajjczium,  and  resting  on  three  feet ;  the  two  inclined  sides 
of  the  box,  wliieli  are  placed  at  an  jinglc  of  about  58^  from  each 
other,  carry  the  two  snudl  telescopes  B  and  C.  The  eye-piece 
of  the  lirst  telescope  is  removed,  and  in  its  place  is  inserted  a 
plate,  in  which  a  slit  made  by  two  brass  knife-edges  is  so  arranged 
that  it  coinddes  with  the  focus  of  the  object-glass.  The  gas-liuop 
D  stands  before  the  slit  in  a  position  such  that  the  mantle  of  the 
flame  is  in  a  straight  line  with  the  axis  of  the  telescope  B.  Some- 
what lower  than  the  point  at  which  the  axis  of  the  tube  produced 
meets  the  mantle,  the  end  of  a  fine  platinum  wire  bent  round  to  a 
hook  is  placed  in  the  flame.   The  platinum  wire  ia  supported  in 
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this  position  by  a  small  holder,  E,  and  on  to  the  hook  is  mdted  a 
globule  of  the  dried  chloride  which  it  is  required  to  ex  amine. 
Between  the  object-glasses  of  the  telescopes  B  and  C  is  placed  a 
hollow  prism,  F,  filled  with  bisulphide  of  carbon,  and  having  a 
refracting  angle  of  60°.  The  prism  rests  upon  a  brass  plate  move- 
able about  a  vertical  axis.  The  axis  carries  on  its  lower  part  the 
mirror  G,  and  above  that  the  arm  H,  which  serves  as  a  handle  for 


toming  the  prism  and  mirror.  A  small  telescope  placed  some 
way  off  is  directed  towards  the  mirror,  and  through  this  telescope 
an  image  of  a  horizontal  scale,  fixed  at  some  distance  from  the 
mirror,  is  observed.  By  turning  the  prism  round,  every  colour  of 
the  spectrum  may  be  made  to  move  past  the  vertical  wire  of  the 
telescope  C,  and  any  required  position  in  the  spectrum  thus  brought 
to  coincide  with  this  vertical  line.  Each  particular  portion  of  the 
spectrum  thus  corresponds  to  a  certain  point  on  the  scale.  If  the 
Inminoeity  of  the  apeetnim  is  very  small,  the  wire  of  the  telescope 
C  may  be  illaminated  by  means  m  a  lens,  which  throws  a  portion 
of  the  rays  from  a  lamp  through  a  small  opening  in  the  side  of  the 
tubo  of  the  teleeoope  C. 

We  have  compared  the  qpectra  represented  on  the  Plate,  which 
were  obtaincfl  from  the  pure  chlorides,  with  those  produrcMl  when 
the  bromides,  iodides,  liydrates^  sulphates  and  carbonates  of  the 
several  metals  are  brought  into  the  following  flames : — 

Into  the  llime  of  solphar. 

„        ,,       biHulphide  of  carbon, 

„        „        aqueous  alcohol. 
Into  the  non-luminous  flamo  ot  coftl'gM. 
Into  tb«  flame  of  carbonic  oxide. 

„       „  hydrogen. 
Into  tlie  oxyhydrogen  flame. 

As  tlic  result  of  these  somewhat  lengthy  experiments,  the  details 
of  which  we  here  omit,  it  appears  that  neither  the  alteration  of 
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the  bodies  with  which  the  several  metals  may  be  combined,  nor 
the  variety  of  the  chemical  processes  occurring  in  the  several 
flames,  nor  the  wide  differences  of  temperature  which  these  flames 
exhibit,  produce  any  vjfcct  upon  the  position  of  the  bright  lines  in 
tJie  spectrum  which  are  characteristic  of  each  metal. 

The  following  coDsiderations  show  how  much  the  temperature 
of  these  Tariona  flaneB  differ.  An  approximation  to  the  tempera- 
ture of  a  flame  it  obtained  by  help  of  the  equation. 

in  which  /  signifles  the  required  temperature  of  the  flame,  g  the 
weigbt  of  one  constituent  of  substance  burning  in  oxygen,  w  the 
heat  of  combustion  of  this  constituent,  p  the  weight,  and  s  the 
specific  heat  of  one  of  the  products  of  combustion.  The  heat  of 
combustion  of  the  following  bodies  may  be  taken 


Salphor   2240  C. 

Bisolphide  cC  evlMa   8400 

Hydrogen  84462 

Marah-gaa   18068 

Ethylene   11640 

Butyleno   11529 

Carbonic  oxide   2408 

The  specific  heats  under  constant  preseuie  were  found  hj 
Eegnault  to  be — 

Snlphuioiis  add  »  0*1568 
OuiMMiie  add    •  0*9164 

Nitrogen  =  0  2440 

AqoeouB  rapoar  =  0'4760 

Hence  the  temperatures  of  the  flames  are  found  to  be — 

Hie  sulplnir  flaioe  •   1820°O. 

The  bisulphide  of  earbon  flame   S196 

The  coal  gas  flame  •   2860 

The  carbonic  oxide  flamet   8042 

The  hydrogen  flame  in  air^    3269 

The  os^qrdio00a  flianel   8061 

It  waft  found  that  the  same  metaUio  compound,  placed  in  <me  of 
these  flames,  gives  a  more  intense  spectrum  the  higher  the  temne* 
ratare  of  the  flame.  In  the  same  flame^  those  compounds  of  a 
metal  give  the  brightest  spectra  which  are  most  volatile. 

In  order  to  prove  still  more  conclusively  that  each  of  the  abovc- 
mentioncd  metals  always  produces  the  same  brij^ht  lines  in  the 
spectrum,  we  have  compared  the  spectra  represented  in  the  Plate 
with  those  produced  whcti  the  electric  spark  passes  between 
electrodes  made  of  these  metals. 

Smull  pieces  of  sodium,  potassium,  lithium,  strontium,  and 
ealcimn  were  ikrtened  to  fine  platinum  wires  and  melted  two  by 

*  Ann.  Cb.  i'hurm.  ezi.  268. 

t  Bonaen's  'OiMDieliy/ 1».  942.  X  Ibid.  8  Ibid. 
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two  into  glaae  tubes,  so  that  tlie  pieces  of  metal  were  separated  by 
about  1  to  2  miUinw.,  and  the  platlnttm  wira  were  melted  through 
the  sides  of  the  glass  tubes.  Each  of  these  tubes  was  placed  in 
front  of  the  spectram-instruinenty  and  by  means  of  a  Buhmkor  (f '  s 
induction  apparatus,  sparks  were  allowed  to  pass  between  the 
pieces  of  metal  inside  tlie  tube ;  the  spectrtim  thus  produced  was 
then  compared  with  that  given  by  a  jrns  flame  iiito  Mhich  the 
chlonde  of  the  metal  was  brouj^ht.  The  fhuue  was  placed  behind 
the  ^las8  tubjc.  By  alternately  bringing  the  induction  ap])arntiiH 
into  and  out  of  action,  it  was  easy,  without  measuring,  to  convince 
ourselves  that  in  the  brilliant  spectrum  of  the  electric  spark,  the 
bright  lines  of  the  flame-spectrum  were  present  in  their  normal 
position.  Besides  .these  lines,  other  bright  ones  appeared  in  the 
electric  spark  spectrum  ;  some  of  these  were  produced  by  foreign 
metals  present  in  the  electrodes;  others  arose  from  nitrogen, 
which  filled  the  tubes  after  the  oxygen  had  combined  with  a 
portion  of  the  electrodes.* 

From  these  facts  it  appears  certain  that  tlie  appearance  of  the 
bright  lilies  represented  in  the  spectra  on  tlie  Plate  may  be 
regarded  as  absolute  proof  of  the  presence  of  the  particular  metal. 
They  serve  as  reactions  by  means  of  which  these  bodies  may  be 
recognized  with  more  certainty,  greater  quickness,  and  in  fitr 
smaller  quantities  than  can  be  done  by  help  of  any  other  known 
analyticid  method. 

The  spectra  drawn  on  the  Plate  represent  those  seen  when  the 
slit  was  of  such  a  width  that  only  the  most  conspicuous  of  tlie 
lines  of  tlie  solar  spectrum  were  visible,  the  magnifying  power  of 
the  telescope  C  being  a  fourfold  one,  and  the  light  of  a  moderate 
degree  of  intensity.  These  circuinstanees  seem  to  us  to  be  tlie 
most  advantageous  when  it  is  required  to  make  a  chemical  analysis 
by  means  of  speetrum-observationa  The  appearance  of  the  spec- 
trum may,  under  other  conditions,  be  essentially  diflerent.  If  the 
purity  of  the  spectrum  be  increased,  many  of  those  lines  which 
appeared  before  as  single  ones  are  split  up  mto  several ;  thus  the 
sodium  Hue  is  divided  into  two  separate  lines.  If,  on  the  other 
hand,  the  intensity  of  the  Hirht  be  increased,  new  lines  appear 
in  several  of  the  spectra  and  the  relative  brightness  of  the  old 
ones  becomes  altered,  lu  general  an  indistinct  line  becomes 
brighter  upon  increasing  the  illumination,  more  rapidly  than  a 
brighter  line,  but  not  to  such  an  extent  that  the  indistinct  line 
ever  overtakes  the  brighter  one  in  intensity.  A  good  example 
of  this  is  seen  in  the  two  lithium  lines.   We  have  observed  only 

•  On  employing  ou  one  octasion  with  titrontium-oleptrode;!  a  tube  fillfd  with 
hydrogen  intsteaU  of  nitroj^on,  iho  .^^troain  of  sparks  changed  rapidly  into  a  couiinuous 
arc  of  light,  wliUtt  a  grey  pellicle  tovered  the  inside  of  tlu-  tube.  The  tube  wu 
opened  under  rock-oil,  when  it  wa-^  f-mu<\  to  Ik*  empty,  the  hydrogen  having  disap- 
peared. TUu  gas  api)«ar8,  at  the  tuuruiouKiy  high  temperature  of  the  olcutric  itpark, 
to  have  deeompo§ed  we  oxide  of  atrontinm  whidi  mu  not  eomplotely  mnioTod  from 
the  metol. 
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one  exception  to  this  rule,  namely  in  the  line  Ba  t},  wliich  by 
light  of  small  intensity  is  scarcely  Tiiible,  whilst  Ba  7  appears 
plainly,  but  by  light  of  greater  intensity  becomes  more  Tisible 
than  the  latter.  We  intend  on  a  future  occasion  to  examine 
this  point  in  detail. 

We  now  proceed  to  describe  tlie  peculiarities  of  the  several 
Bpectra,  the  exact  acquaintance  with  which  is  of  practical  import- 
ance, and  to  point  out  the  advantages  which  this  new  method  <tf 
chemical  analysis  possesses  over  the  older  processes^ 

Sodkm, 

The  spectrum-reaction  of  sodium  is  tlic  most  delicate  of  all. 
The  yellow  line  Na  a,  the  only  one  which  appears  in  the  sodium 
spectrum,  is  coincident  with  Fraunhofer's  dark  line  D,  and  is 
remarkable  for  its  exactly  defined  form,  and  its  extraordinary 
brightness.  If  the  temperature  of  the  flame  be  very  high,  and 
the  quantity  of  the  substance  employed  verj  large,  traces  of 
a  continuous  spectrum  are  seen  in  the  immediate  neighbourhood 
of  the  line.  In  this  case  too,  the  weaker  lines  produced  by 
other  l)odics,  when  near  the  sodium  line,  are  discerned  with 
diiticulty,  and  are  often  not  seen  till  the  sodium  reaction  has 
almost  suhsided. 

The  reaction  is  most  visible  in  the  sodium-salts  of  oxygen, 
chlorine,  iodine,  bromine,  sulphuric  acid,  and  carbonic  acid ;  but 
it  b  always  evident,  even  in  the  silicates,  borates,  phosphates,  and 
other  non-Tolatile  salts. 

Swani*  has  already  remarked  upon  the  small  quantity  of  sodium 
necessary  to  produce  the  yellow  line. 

The  following  experiment  shows  that  the  chemist  possesses  no 
reaction  which  will  bear  the  remotest  comparison,  as  regards 
delicacy,  with  this  spectrum-analytical  determination  of  sodium. 
In  a  far  corner  of  our  experiment  room,  tlie  capacity  of  which  was 
aI)ont  60  cubic  metres,  we  burnt  a  mixture  of  3  niilligramnies  of 
chlorate  ot"  sodium  with  milk-sugar,  whilst  the  non-luminous  tiame 
of  the  lamp  was  observed  through  the  slit  of  the  telescope. 
Within  a  few  minutes,  the  flame,  which  gradually  became  pale 
yellow,  gave  a  distinct  sodium  line,  lasting  for  ten  minutes,  and 
then  entirely  disappearing.  From  the  weight  of  sodium  salt 
bomt,  and  die  capacity  of  the  room,  it  was  easy  to  calculate  that 
in  one  part  by  weight  of  air  there  was  suspended  less  than  ^jj^ 
of  a  part  of  soda-smoke.  As  the  reaction  can  be  quite  easily 
observed  in  one  second,  and  as  in  this  time  the  quantity  of  air 
which  is  heated  to  ignition  by  the  flame  is  found,  from  the  rate  of 
issue  and  from  the  composition  of  the  gases  of  the  flame,  to  be 
only  about  50  cub.  cent,  or  0  064J7  grm.  of  air,  containing  less 
than        of  sodium  salt,  it  follows  that  the  eye  is  able  to  detect 

*  Tnas.  Boy.  Boe.  £diab.  toI.  juO.  Put  III.  p.  411. 
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with  the  greate^st  ease  quantities  of  flodium  salt  less  than  of  a 
milligramme  in  weight.  With  a  reaction  so  deliciite,  it  is  easy  to 
iindentuid  whj  a  sodium  reactioii  is  almost  always  notioed  ia 
ignited  atmospoeric  air.  More  than  two-thirds  of  the  earth's 
surface  is  covered  with  a  solution  of  chloride  of  sodium,  fine 
particles  of  which  are  continually  being  carried  into  the  air  faj 
the  action  of  the  waves.  The  particles  of  sea-water  thus  cast 
into  the  atmosphere,  evaporate,  leaving  almost  inconrpivaT)ly  small 
residues,  which,  floating  about,  are  almost  always  present  in  the 
air,  and  are  rendered  evident  to  our  eyesight  in  the  sunbeam. 
These  minute  particles  perhaps  serve  to  supply  the  smaller  organ- 
ized bodies  with  the  salts  which  larger  animals  and  plants  obtain 
from  the  ground ;  bat  there  is  also  another  point  of  view,  in  which 
the  presence  of  this  chloride  of  sodium  in  the  air  is  of  interest.  If^ 
as  is  scaroely  doubtful  at  the  present  time^  the  explanation  of  the 
spread  of  contagious  disease  is  to  be  sought  for  in  some  peculiar 
contact-action,  it  is  possible  that  the  presence  of  an  antiseptic 
substance  like  chloride  of  sodium,  oven  in  almost  infinitely  small 
quantities,  may  not  be  without  influence  upon  such  occurrences  in 
the  atmosphere.  By  means  of  daily  and  long-continued  spectrum 
observations,  it  would  be  easy  to  discover  whether  the  alteration 
of  intensity  in  the  line  Na  a  produced  by  the  presence  of  sodium- 
oompounds  in  the  air,  has  any  connection  with  the  appearance  and 
directioa  of  march  of  an  endemic  disease. 

The  unexampled  delicacy  of  the  sodium  reaction  explains  also 
the  well-observed  fact,  that  all  bodies,  after  a  lengthened  exposure 
to  air^  show  the  sodium  line  when  brought  into  a  flame,  and  that 
it  is  only  in  a  few  salts  that  it  is  possible  to  get  rid  of  the  last 
traces  of  the  line  Na  a,  even  after  repeated  crystallization  from 
water  which  has  only  been  in  contact  with  platinum.  A  thin 
platinum  wire,  freed  by  ignition  from  every  trace  of  sodium  salt, 
shows  the  reaction  most  visibly  after  a  few  hours'  exposure  to  the 
air.  In  the  same  way,  the  dust  which  settles  from  the  air  in  a 
room,  shows  the  bright  line  Na  a :  to  render  this  evident  it  is 
only  necessary  to  knock  a  dnsty  book,  £»r  instance,  at  a  distance 
of  some  feet  from  the  flame,  when  a  wonderfully  bright  flash  of 
the  yellow  band  is  seen. 

LUMmn. 

The  luminous  ignited  vapour  of  the  lithium  compounds  gives 
two  sharply  defined  lines,  the  one  a  very  weak  yellow  line,  Li 
and  the  other  a  blight  red  line,  Li  a.  This  reaction  likewise 
exceeds  in  certainty  and  delicacy  all  ordinary  methods  of  ana- 
lytical research.  It  is,  however,  not  quite  so  sensitive  as  the 
sodium  reaction,  only,  perhaps,  because  the  eye  is  more  adapted  to 
distinguish  yellow  than  red  rays.  When  9  milligrammes  of 
rarbonate  of  lithium  mixed  with  excess  of  milk-sugar  were  burnt, 
the  reaction  was  visible  in  a  room  of  60  cubic  metres  capacity. 
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Heuce,  by  the  method  already  explained,  we  find  that  the  eye  is 
capable  of  distinguishing  with  absolute  certainty  a  quantity  of 
carbonate  of  lithium  less  than  of  a  milligramme  in  weight : 

0  05  iirm,  of  carboiiate  of  lithium  salt,  burnt  in  the  same  room, 
waa  suiiicicnt  to  enable  the  ignited  air  to  show  the  red  line  Li  a 
for  an  horn*  after  the  corabusLion  had  taken  place. 

The  compounds  of  lithium  with  oxygen,  iodine,  bromine,  and 
cillorine  are  the  most  suitable  for  the  purpose ;  still  the  carbonate, 
solphate,  and  even  the  phosphate  gire  almost  as  distinct  a  reaction. 
Minerals  containing  lithium,  such  as  triphylliue,  triphane,  petalite, 
lepidolitc,  require  only  to  be  held  in  the  flame  in  order  to  obtain 
the  bright  line  Li  a  in  the  most  satisfactory  manner.  In  this  way 
the  presence  of  lithium  in  many  felspars  can  be  directly  showily 
as,  for  instance,  in  the  orthoclase  from  Bavcno.  The  line  is  seen 
for  a  few  moments  only,  directly  after  the  mineral  is  brought  into 
the  flame.  In  the  same  way,  the  mica  from  Altenberg  and  Penig 
was  found  to  contain  litliium,  whereas  micas  from  Miask,  Ashaflfen- 
burg,  ;Modum,  Bengal,  Pennsylvania,  &c.,  were  found  to  be  free 
from  this  metal.  In  natural  silicat^  which  contain  only  small 
traces  of  lithium,  this  metal  is  not  observed  ao  readily.  The 
examination  is  then  best  conducted  as  follows  small  portion 
of  the  substance  is  digested  and  evaporated  with  hydrofluoric  acid 
or  fluoride  of  ammonium,  the  residue  moistened  with  sulphuric 
acid  and  heated,  the  dry  mass  being  dissolved  in  absolute  alcohol. 
♦  The  alcoholic  extract  is  then  evaporated,  tlic  dry  mass  again 
dissolved  in  alcohol,  and  the  extract  allowed  to  evaporate  on  a 
shallow  glass  dish.  Tlie  solid  pellicle  which  remains  is  scraped  off 
with  a  fine  knife,  and  brought  into  the  flame  upon  the  thin 
platinum  wire.  For  one  experiment,  of  a  milligramme  is  in 
g^ieral  ijuite  a  sufficient  quantity.  Other  compounds  besides  the 
silicates,  m  which  small  traces  of  lithium  require  to  be  detected, 
are  transformed  into  sulphates  by  evaporation  with  sulphuric  acid 
or  otherwise,  and  then  treated  in  the  manner  described. 

In  this  way  wc  arrive  at  the  unexpected  conclusion,  that  lithium 
is  most  widely  distributed  throughout  nature,  occurring  in  almost 
all  bodies.  Lithium  was  casilv  detected  in  40  cubic  centimetres 
of  the  water  of  the  Atlantic  Ocean,  collected  iu  41°  41'  N.  lati- 
tude, and  39°  14'  \V.  longitude.  Ashes  of  marine  plants  (kelp), 
driven  by  the  Gulf-stream  on  the  Scotch  coasts,  contain  evident 
traces  of  this  metal.  All  the  orthoclase  and  quarts  firom  the 
granite  of  the  Odenwald  which  we  have  examined  contain  lithium. 
A  very  pure  spring  water  from  the  granite  in  Schlierbach,  on  the 
west  side  of  the  valley  of  the  Neckar,  was  found  to  contain  lithium, 
whereas  the  water  from  the  red  sandstone  which  supplies  the 
Heidelberg  laboratory  was  shown  to  contain  none  of  this  metal. 
Mineral  waters,  in  a  litre  of  which  lithium  coidd  hardly  be 
detected  by  the  ordinary  metliods  of  analysis,  gave  plainly  the  line 
Li  a,  eveu  if  only  a  drop  of  the  water  on  a  platinum  wire  was 
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brought  into  the  flame.*  All  the  ashes  of  plants  growing  in  the 
Odenwald  on  a  granite  soil,  as  well  as  Russian  and  otiicr  potashes, 
contain  litliinm.  It  was  found  also  in  the  ashes  of  tahacco,  of  vine 
leaves,  of  the  wood  of  the  vine,  and  of  p:rape8,t  as  well  as  in  the 
ashes  of  the  crops  grown  in  the  Rhine-plain  near  Waghiiusel, 
Deideshcini,  and  Heidelberg,  on  a  non-granitie  soil.  The  milk  of 
the  animals  fed  upon  these  crops  also  contains  lithium. ;( 

It  is  scarcely  necessary  to  say  that  a  mixtuze  of  Tcdatile  sodium 
and  lithium  salts  gives  the  reaction  of  Uthium  alongside  that  of 
sodium  with  a  scarcely  perceptible  diminution  of  parecision  and 
distinctness.  The  red  lines  of  the  former  substance  are  still 
plainly  seen  when  the  bead  contains  ^  part  of  Uthium  salt,  and 
when  to  the  naked  eye  the  yellow  soda-tlarae  appears  untinged  by 
the  slightest  trace  of  red.  In  consequence  of  the  somewhat 
greater  volatility  the  lithium  salt,  the  sodium  reaction  lasts 
longer  than  that  of  the  other  metal.  In  those  eases,  therefore,  in 
which  small  quantities  of  lithium  have  to  be  detected  in  presence 
of  large  quantities  of  sodium^  the  bead  must  be  brought  into  the 
flame  whilst  the  observer  is  looking  through  the  telescope.  The 
lithium  lines  are  often  seen  only  for  a  few  moments  amongst  the 
first  products  of  the  volatilization. 

In  the  production  of  lithium  salts  on  the  large  scale,  in  the 
proper  ehnire  of  a  raw  material,  and  in  the  arrangement  of  suitable 
methods  of  sepju^ation,  this  spectrum-aualysis  affords  most  valuable 
aid.  Thus  it  is  only  necessary  to  place  a  drop  of  mother-liquor 
from  any  niiiu  ral  spring  in  the  flame  and  to  obsei*ve  the  spectrum 
produced,  in  order  to  show  that  in  many  of  these  waste  products 
a  rieh  and  hitherto  unheeded  source  of  lithium  salts  exists.  In  iJie 
same  way,  during  the  course  of  the  preparation,  any  loss  of  lithium 
in  the  collateral  products  and  residues  can  be  easily  traced^  and 
tlms  more  convenient  and  economical  methods  of  preparation  may 
be  found  to  replace  those  at  present  employed.  § 

Pota99mm, 

Volatile  potassium  compounds  give,  when  placed  in  the  flame,  a 
widely  extended  oontinuous  spectrum,  which  contains  only  two 
characteristic  lines,  namely  one  line,  Ka  a,  in  the  outermost  red 

*  When  liquids  liave  to  be  brought  into  the  flame,  it  ia  best  to  bend  the  end  of 
the  pU^nra  wire,  of  the  thickness  of  «  bornehsir,  to  s  snuill  ring,  and  to  best  this 
ring  flat.   If  a  drop  of  liquid  be  broni^t  into  tbto  xing,  enough  sdhens  to  the  wire 

for  the  experiment. 

t  In  the  manufbetorlee  of  tertario  add,  the  mother  Hqnon  eontaln  ao  nraeh 

lith  nm  fuUh  that  considerable  quantities  can  thus  he  prepared. 

X  Dr.  i<'olwarczny  haa  been  able,  by  help  of  the  line  Li  a,  to  detect  lithium  in 
the  ash  of  human  blood  and  of  mnacalar  tiaroe. 

§  Wc  obtain  hy  sticli  an  improved  method  from  two  jars  (about  4  litres)  of  a 
mother-liquor  from  a  mineral  spring,  which  by  evnporHfi..n  with  sulphuric  acid  gave 
1^  2  of  residue,  half  an  oanee  of  earbonate  of  lithium  of  the  purity  of  the  commeruial, 
the  oost  of  which  is  about  1 40  florins  the  pound.  A  great  numbor  of  other  mineral* 
spring  mother-liquon  wliicb  we  examined  ahowed  a  aiinilar  liebneas  in  oompoimdB 
of  lithium. 
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Bpproachiug  the  ttltra>red  rajSj  exactly  coinciding  with  the  dark 
line  A  of  the  solar  spectrum,  and  a  second  line,  Ka  situated  far 
in  the  violet  rays  towards  the  other  end  of  the  spectrum,  and  also 
identical  with  a  particular  dark  line  qbsen'cd  by  Fraunhofer.  A 
very  indistinct  line  coinciding  with  Fraunhofcr's  line  B,  which, 
however,  is  seen  only  when  the  light  is  very  intense,  is  not  by  any 
means  so  characteristic.  The  violet  line  is  somewhat  pale^  but 
ean  be  used  almost  as  well  as  the  red  line  for  the  detection  of 
potassiiUD.  Owing  to  the  position  of  these  two  lines,  both  sitnated 
near  the  limit  at  which  our  eyes  cease  to  be  sensitive  to  the  rays^ 
this  reaction  for  potassium  is  not  so  delicate  as  the  reaction  for 
the  two  metals  already  mentioned.  It  became  visible  in  the  air 
of  our  room  when  one  gramme  of  chlorate  of  potassium  mixed 
with  milk-sugar  was  bunit.  In  this  way,  therefore,  the  eye 
requires  the  presence  of  xe'^ny  ^  millis^ramme  of  chlorate  of 
potassium  in  order  to  detect  the  presence  of  potassium. 

Caustic  potash,  and  all  compounds  of  potassium  with  volatile 
adds,  give  the  reaction  without  exception.  Potash  silicates,  and 
other  non-volatUe  salts,  on  the  other  hand,  do  not  produce  the 
reaction  by  themselves,  unless  the  metal  is  present  in  very  consi- 
derable quantity  ;  when,  howefer,  the  amount  of  potassium  is 
smaller,  it  is  merely  necessary  to  melt  the  substance  with  a  bead  of 
carbonate  of  sodium.  The  presence  of  the  sodium  does  not  in  the 
least  interfere  with  the  reaction,  and  scarcely  diminishes  its 
delicacy.  Orthoclase,  sanidine,  and  adularia  may  in  this  way  be 
easily  distinguished  from  albite,  oligoclase,  Labradorite,  and 
anortliite.  In  order  to  detect  the  smallest  traces  of  potassium 
salt,' the  silicate  requires  only  to  be  slightly  ignited  with  a  large 
excess  of  fluoride  of  ammonium  on  a  platinum  capsule,  after  which 
the  residue  is  brought  into  the  flame  on  a  platinum  wire.  In  this 
way,  it  is  found  that  almost  evexy  silicate  contains  potassium. 
Salts  of  litliium  diminish  or  influence  the  reaction  as  little  as 
sodium  salts.  Thus  we  need  only  to  liold  the  end  of  a  burnt 
cigar  in  the  flame  before  the  slit,  in  order  at  once  to  see  the 
yellow  line  of  sodium  and  the  two  red  lines  of  potJissium  and 
lithium,  this  latter  metal  being  scarcely  ever  absent  in  tobacco 
ash. 

Strontiwii, 

The  spectra  produced  by  the  alkaline  earths  are  by  no  means 
so  simple  as  those  produced  by  the  alkalies.  That  of  strontium 
is  especially  characterized  by  the  absence  of  green  bands.  Eight 

lines  in  tlie  strontium-spectrum  are  remarkable,  namely,  six  red, 
one  orange,  and  one  blue  line.  The  orange  line,  Sr  a,  which 
appears  close  by  the  sodium  line  towards  the  red  end  of  the 
spectrum,  the  two  red  lines,  Sr  ^  and  Sr  7,  and  lastly,  the  blue 
hne,  Sr  h,  are  the  most  important  strontium  bands,  both  as  regards 
their  position  and  their  mtensity.   To  examine  the  intensity  of 
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the  reaction,  we  quickly  heated  an  aqueous  j^olution  of  chloride  of 
strontium,  of  known  concentration,  in  a  platinum  dish  over  a  lar^je 
flame  till  the  water  was  evaporated  and  the  basin  became  red-liot. 
The  salt  then  began  to  decvgptate,  md  was  thrown  ap  into  the 
m,  in  miciOBOopic  particles  in  the  form  of  a  white  ckmd.  On 
weighing  the  residual  salt,  it  was  found  that  in  this  way  0*077 
grm.  of  chloride  of  strontium  had  been  mixed  in  the  form  of  a  fine 
dust  with  the  air  of  the  room,  weighing  77000  grms.  As  soon 
as  the  air  in  tlie  room  was  perfectly  mixed,  by  rapidly  raovinfj;  an 
open  urabrella,  the  characteristic  lines  of  tlie  strontium-spectrum 
were  beautifully  seen.  According  to  this  experiment,  a  quantity 
of  strontium  may  be  thus  detected  equal  to  the  g~  part  of  a 
milligramme  in  weight. 

The  chloride  and  the  other  haloid  salts  of  strontium  give  the 
best  reaction.  The  hydrate  and  carbonate  of  strontinm  give  it 
mnch  less  Tividly,  the  sulphate  still  less,  whilst  the  com- 
pounds of  strontinm  with  the  non-ToIatile  acids  give  either  a  very 
slight  reaction  or  none  at  all.  Hence  it  is  well  first  to  bring  the 
bead  of  substance  alone  into  the  flame,  and  then  again  after  moist- 
ening with  hydrochloric  acid.  Tf  it  ho  supposed  that  sulphuric 
acid  is  present  in  tlie  head,  it  must  be  held  in  the  reducing  part 
of  the  flame  before  it  is  moistened  with  hydrochloric  acid,  for  the 
purpose  of  changing  the  sulphate  into  the  sulphide,  which  is 
decomposed  by  hydrochloric  acid.  To  detect  strontium  when 
ccmibined  witii  sibdc,  phosphoric,  boraciCj  and  other  non-volatile 
adds,  it  is  best  to  proceed  as  follows  t^Instead  of  fosing  with 
carbonate  of  sodium  in  a  platinum  crucible,  a  conical  spiral  of 
platinum  wire  is  employed ;  this  spiral  is  heated  to  whiteness  in 
the  flame,  and  dipped  wlnle  hot  into  finely-powdered  dried 
carbonate  of  sodium  whieli  should  contain  so  much  water  that  a 
sufficient  quantity  adheres  to  the  wire  when  it  is  once  dipped  into 
the  salt.  The  fusion  takes  place  in  this  spiral  much  more  quickly 
than  in  a  platinum  crucible,  as  the  mass  of  platinum  requiring 
heating  is  small,  and  the  flame  comes  into  direct  contact  with  the 
salt.  As  soon  as  the  finely-powdered  mineral  has  been  brought 
into  the  fused  soda  by  means  of  a  small  platinum  spatula,  and  the 
^ass  retained  above  the  melting  point  for  a  fow  minutes,  the 
cooled  maas  has  only  to  be  turned  upside  down,  and  knocked  on 
the  porcelain  plate  of  the  lamp  in  order  to  obtain  the  salt  in  a 
lar^e  eohcrent  bead.  The  fused  mass  is  covered  with  a  piece  of 
writings  paper,  and  then  broken  by  pressing  it  w^ith  the  blade  if  a 
steel  spatula  until  the  whole  is  reduced  to  a  fine  ])()wder.  Tlie 
])()wder  is  brought  to  one  spot  on  the  ed^je  of  the  ])late,  and  care- 
fully covered  with  hot  water,  which  is  allowed  to  flow  backwards 
and  forwards  over  it,  so  that^  after  decanting  and  rewashing  the 
powder  several  times,  all  the  soluble  salts  are  extracted  without 
losing  any  of  the  reaidue.  If  a  solution  of  chloride  of  sodium  be 
employed  instead  of  water>  the  operation  may  be  conducted  more 


Diyilizea  by  ^OOgle 


AMALTftlB  BY  mCTROM-OB&BRVATIOllB. 


281 


rapidly  and  witli  gveater  seenrity.  The  inaolable  salt  contains  the 

strontium  as  carl^nate  ;  and  one  or  two  tenths  of  a  milligramme 
of  the  substance,  brought  on  to  the  wire  and  moistened  with 
hydrochloric  acid,  is  sufficient  to  produce  the  most  intense  reaction. 
It  is  thus  possible,  without  help  of  platinum  crucible,  mortar, 
evaporating  basin,  or  funnel  and  filter,  to  fuse,  powder,  digest, 
and  w  asli  out  the  substance  in  the  space  of  a  few  minutes. 

The  reactions  of  potassium  and  sodium  are  not  inflnenecd  by  the 
presence  of  strontinm.  lithinm  also  can  be  easily  detected  in 
presence  of  strontimn  whoi  the  proportion  of  the  former  metal  is 
not  very  small.  The  lithium  Hne  Li  a  appean  aa  an  intensely  red 
sharply  defined  band  upon  a  less  distinct  red  ground  of  the  broad 
strontiom  band  Sr  fi* 

The  spectmm  produced  by  calcium  is  immediately  distinguished 
from  the  four  spectra  already  considered  by  the  very  characteristic 
bright  ^reen  line  Ca  j9.  A  second  no  less  characteristic  feature  in 
tiie  calcinm  spectrum  is  ihe  intoasely  bright  orange  line  Ca  a,  lying 
considerably  nearer  to  the  red  end  of  the  spectrum  than  either  the 
■odium  line  Na  a,  or  the  orange  band  of  strontium  Sr  a.  By 
burning  a  mixture  consisting  of  chloride  of  calcium,  chlorate  of 
potassium,  and  milk-sugar,  a  white  cloud  is  obtained  wliieli  prives 
the  reaction  with  as  j?reat  a  degree  of  delicacy  as  strontium  siUts  do 
under  similar  circumstances.  In  this  way  it  was  found  that 
of  a  milligramme  in  weight  of  chloride  of  calcium  can  be  detected 
with  certainty.  Only  the  volatile  compounds  of  calcium  give  this 
reaction ;  the  more  volatile  the  salt,  the  more  distinct  and  delicate 
does  the  reaction  become.  The  chloride,  bromide,  and  iodide 
of  calcinm  are  in  this  respect  the  best  compounds.  Sulphate  of 
calcinm  does  not  produce  the  spectrum  till  it  has  become  basif^ 
but  then  very  brightly  and  continnonsly.  In  the  same  way  the 
reaction  of  the  carbonate  becomes  more  distinctly  visible  after  the 
carbonic  acid  has  been  expelled. 

Compountls  of  calcium  with  the  non-volatile  acids  remain  inac- 
tive in  tho  tiame ;  but  if  they  are  attacked  by  hydrochloric  acid, 
the  reaction  may  easily  be  obtained  as  follows :  A  few  milliCTamnies 
of  the  finely  ^K>wdered  substance  are  placed  on  the  moistened  flat 
platinum  nng  in  the  moderatdj  hot  portion  of  the  flame,  so  that 
the  powder  is  fritted,  hut  not  melted  on  to  the  wire;  if  a  drop  of 
hydrochloric  add  be  now  allowed  to  fidl  into  the  ring,  so  that  the 
greater  part  of  the  acid  remains  hanging  to  the  wire,  and  if  the 
wire  be  then  brought  into  the  hottest  part  of  the  flame,  the  drop 
evaporates  in  the  spheroidal  state  without  ebidlition.  If  the  spec- 
trum of  the  fiame  be  observed  durino^  tliis  operation,  it  will  be 
noticed  that  at  the  moment  when  the  last  particles  of  liquid 
evaporate,  a  bright  calcium  spectmm  appears.  If  the  (juantities 
of  the  metal  present  9J^e  very  small,  the  characteristic  lines  are 
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seen  for  a  moment  only ;  if  larj^er  qiiantitifiB  «re  oontained^  the 
phcuonu'iion  lasts  for  a  longer  time. 

It  is  only  in  silicates  which  are  decomposed  by  hydrochloric 
acid  that  the  calcium  can  be  thus  detected.  In  those  minerals 
which  are  not  attacked  by  that  acid^  the  examination  is  best  made 
as  follows.  A  few  milligrammes  of  the  substance  under  examina- 
tion^ in  a  state  of  fine  division,  aie  placed  npon  a  flat  platinnm  lid, 
together  with  about  a  gramme  of  fluoride  of  ammonium,  and  the 
mixture  is  gently  ignited  until  all  the  fluoride  is  volatilized.  The 
slight  crust  of  salt  remaining  is  moistened  with  a  few  drops  of 
sulphuric  acid,  and  the  excess  of  acid  removed  by  heat.  If  about 
a  millignmimc  of  the  residual  sulphates  be  scraped  togctlu^r  with 
a  knife,  and  brought  into  the  flame,  the  characteristic  spectra  of 
potassium,  sodium,  and  litliiuui,  supposing  these  three  metals  to  be 
present,  are  first  obtained  either  sniiultaneously  or  consecutively. 
If  calcium  and  strontium  be  also  present,  the  corresponding  spectra 
generally  appear  somewhat  later,  after  the  potassium,  sodium,  and 
nthium  have  been  volatilised.  When  only  traces  of  strontium  and 
calcium  are  present,  the  reaction  is  not  sJwayR  seen ;  it  becomes, 
however,  immediately  apparent  on  holding  the  bead  for  a  few 
moments  in  the  reducing  flame,  then  moistening  it  with  hydro- 
chloric acid,  and  again  bringing  it  into  the  flame. 

These  easy  experiments,  such  as  either  heating  the  specimen 
alone,  or  after  moistening  with  hydrochloric  acid,  or  after  treating 
the  powder  with  fluoride  of  ammonium,  either  alone  or  in  presence 
of  sulphuric  or  hydrochloric  acid,  provide  the  mineralogist  and 
geologist  with  a  series  of  most  simple  methods  of  recognizing  the 
components  oi  the  smaUest  fragment  of  many  substances  (such,  for 
instance,  as  the  doable  silicates  containing  lime)  with  a  certainty 
which  is  attained  in  an  ordinary  analysis  only  by  a  large  expcn- 
ditore  of  time  and  material.  The  following  examples  will  illustrate 
this  statement. 

1.  A  drop  of  sea- water  heated  on  the  platinum  wire  shows  at  first 
a  strong  sodium  reaction  ;  and  after  volatilization  of  the  chloride  of 
sodium,  a  weak  calciuin  spectrum  is  observed,  which  on  moistening 
the  wire  with  hydrochloric  acid  becomes  at  once  very  distinct.  If 
a  few  decigrammes  of  the  residual  salts  obtained  by  the  evaporation 
of  sea-water  be  treated  in  the  manner  described  under  lithinm 
with  sulphuric  acid  and  alcohol,  the  potassium  and  lithium  reac- 
tions are  obtained.  The  presence  of  strontium  in  sea-water  can  be 
best  detected  in  the  boiler-crust  from  sea-going  steamers.  The 
filtered  hydrochloric  acid  solution  of  such  a  crust  leaves,  on  evapo- 
ration and  subsequent  treatment  with  a  small  quantity  of  alcohol, 
a  residue  slightly  yellow-colonred  from  basic  iron  salt,  which  is 
deposited  after  some  days,  and  ean  then  be  collected  on  a  small 
filter  and  washed  with  alcohol.  The  filter,  burnt  on  a  fine  platinum 
wire  and  held  in  the  flame,  gives,  besides  the  calcium  lines,  an 
intensely  bright  strontium  spectrum. 
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2.  Mineral  watera  often  exhibit  the  reactions  of  potassium, 
iodinm,  lithinm,  calcium,  and  strontium  bf  mete  heating.  If,  for 
example,  a  drop  of  the  Diirkheim  or  Krenznach  water  be  brought 
into  the  flame,  the  lines  Na  a,  lA  a,  Ca  a,  and  Ca  are  at  once 
seen.  If,  instead  of  nsinj^  the  water  itself,  a  drop  of  the  motlier- 
liquor  be  taken,  these  bands  appear  most  vividly.  As  soon  as  the 
chlorides  of  sodium  and  lithium  have  been  to  a  certain  extent 
volatilized,  and  the  chloride  of  calcium  has  become  more  basic,  the 
characteristic  lines  of  the  itrontinm  spectrum  begin  to  show  them- 
seWes,  and  oontinne  to  increase  in  distinctness,  nntil  at  last  they 
come  ont  in  all  their  tme  brightness.  In  this  case,  therefore,  hj 
the  mere  obser\  ation  of  a  single  dro^  undergoing  vaporization,  the 
complete  analysis  of  a  mixture  containing  five  oonatitnents  is  per- 
formed in  a  few  seconds. 

3.  The  ash  of  a  cigar  moistened  with  hydrochloric  acid,  and 
held  in  'the  flame,  shows  at  once  the  bands  Na  a,  Ka  a,  Li  a, 
Ca  a,  Ca  /S. 

4.  A  piece  of  hard  potash-glass  combustion  tubing  gave,  both 
with  ana  without  hydrochloric  add,  the  lines  Na  a  and  Ka  a ; 
treated  with  fluoride  of  ammonium  and  sulphuric  add,  the  bands 
Ca  a,  Ca  fi,  and  traces  of  Li  a  were  rendered  risible. 

5.  Orthoclase  from  Baveno  gives,  either  alone  or  when  treated 
with  hydrochloric  acid,  only  the  line  Na  a  with  traces  of  Li  a  and 
Ka  a;  with  fluoride  of  ammonium  and  sulphuric  acid,  tlic  bright 
lines  Na  a  and  Ka  a,  and  a  somewhat  less  distinct  Li  a,  are  seen. 
After  volatilization  of  tlie  bodies  thus  detected,  the  head  moistened 
with  hydrochloric  acid  gives  a  scarcely  distinguishable  flash  of  the 
lines  Ca  a  and  Ca  The  residue  on  the  platinum  wire,  when 
moistened  with  cobalt  solution  and  heated,  gives  the  blue  colour 
so  characteristic  of  alumina.  If  the  well-known  reaction  of  silidc 
add  be  likewise  observed,  we  may  condnde  from  this  examination, 
made  in  the  course  of  a  very  few  minutes,  that  the  orthoclase  from 
Baveno  contains  silicic  acid,  alumina,  potash  with  traces  of  soda, 
lime,  and  lithia;  and  also  that  no  trace  of  baryta  or  strontia  is 
present. 

6.  Adularia  from  St.  Gothard  comported  itself  in  a  similar 
manner,  excepting  that  the  calcium  reaction  was  indistinctly  seen, 
whilst  that  of  lithium  was  altogether  wanting. 

7.  Labradorite  from  St.  Paul  gives  the  sodium  line  Na  a,  but 
no  caldnm  spectram.  On  mdstening  the  fragment  with  hydro- 
chloric add,  the  lines  Ca  a  and  Ca  p  appear  ver^  distinct;  with 
the  fluoride  of  ammonium  test,  a  weak  potassium  reaction  is 
obtained,  and  also  &int  indications  of  lithium. 

8.  Labradorite  from  the  Corsican  diorite  gave  ■imilm*  reactions, 
except  that  no  lithium  was  found. 

9.  Mosanderite  from  Brevig,  and  Tscheffkinite  from  the 
Ihnengebirge,  showed,  when  treated  alone,  the  sodium  reaction; 
ou  the  atiditiou  uf  hydrochloric  acid,  the  lines  Ca  a  and  Ca  ^. 
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10.  Meliuophane  from  Lamoe  gave  the  line  Na  a  when  placed 
alone  in  the  fiarae ;  with  hydrodilohc  acid,  the  Imea  Ca  a,  Ca  fi, 
and  Li  a  became  ^asible. 

11.  Scheelitc  and  sphenr,  give  on  treatment  with  hydrochloric 
acid,  a  very  intense  calcium  reaction. 

12.  When  small  quantities  of  strontiiim  are  present  together 
with  caldcmi,  the  liiie  Sr  B  may  be  moet  oonTetiieiitly  employed 
for  the  detection  of  this  metal.  In  this  way  the  presence  of  small 
quantities  of  strontium  may  be  easily  detected  in  very  many  sedi- 
mentary limestones.  The  Unes  Na  <^  Li  a,  Ka  a,  especially  Li  a, 
are  observed  as  soon  as  the  limestone  is  brought  into  the  flame. 
Converted  by  hydrochloric  acid  into  chlorides,  and  brought  in  this 
form  into  the  flame,  these  minerals  give  the  same  bands ;  and  not 
unfrequently  the  line  Sr  B  is  also  distinctly  seen.  This  latter 
appeal;^,  however,  only  for  a  short  time,  and  is  in  general  best  seen 
when  the  calcium  spectrum  begins  to  fade. 

In  this  way,  the  lines  Na  a»  Li  Ka  a,  Ca  Oy  Ca  0,  and  Sr  B 
were  fbnnd  in  the  spectra  of  the  following  limestones : — 

Limestone  from  the  Silurian  at  Kugelbad  near  Prague.  Sffns* 
chelkalk  from  Kohrbach  near  Heidelberg.  Limestone  from  the 
Lias  at  Malsch  in  Baden.    Chalk  from  England. 

The  following  limestones  gave  the  lines  Na  a,  Li  Ka  a^Caoy 
Ca  yS,  but  not  the  blue  strontium  band  Sr  8 : — 

Marble  from  the  granite  near  Auorhach.*  Devonian  limestone 
from  Gerolsteia  in  the  Eifel.  Carbonili  runs  limestone  from  Planitz 
in  Saxony.  Dolomite  from  Nordhauscu  in  the  Harz.  Jura-kalk 
from  Streitbeig  in  Frsnconia. 

Prom  these  few  experiments,  it  i»  evident  that  a  more  extended 
series  of  exact  spectrum  analyses,  respecting  the  amount  of  stron- 
tinm,  lithium,  sodinm,  and  potassium  which  the  various  limestone 
formations  contain,  must  prove  of  the  greatest  geological  import- 
ance, both  as  regards  the  order  of  their  formation  and  their  local 
distribution,  and  may  possihly  lead  to  the  establishment  of  some 
unexpected  conclusions  respecting  the  nature  of  the  oceans  from 
which  these  limestones  were  onginaliy  deposited. 

Barium, 

The  barium  spectrum  is  the  most  complicated  of  the  spectra 
of  the  alkalies  and  alksline  earths.  It  is  at  once  distinguished 
from  all  the  others  by  the  green  lines  Ba  a  and  Ba  fi  (which  are 
by  &r  the  most  distinct)  appearing  the  first  snd  continuing  during 
the  whole  of  the  reaction.  Ba  y  is  not  quite  so  distinct,  but  is 
still  a  well-marked  and  peculiar  line.  As  the  barium  spectrum  is 
considerably  more  extended  than  those  of  the  other  metals,  the 
reaction  is  not  observed  to  so  great  a  degree  of  delicacy ;  still 

*  Aix-ording  to  the  method  already  described,  a  quantity  of  alinfte  of  strontium 

was  obtainc<I  fr  rn  20  prros.  of  tliig  mnrlile  such  as  to  give  a  complete  and  vivid 
atrontium  Bpucixiuu.    Wo  have  not  exauiiucd  the  other  limestoneii  in  the  same  way. 


uiyiiizod  by  Google 


ANALYSIS  BY  SPECTRUM-OBSERVATIONS.  285 


0*3  grm.  of  chlorate  'of  harinm  hnmt  with  nnlkpsngar  gave  a 
distinct  band  of  Ba  a  which  lasted  for  some  time,  when  the  air 
of  the  room  was  well  mixed  by  moving  an  open  umbrella  about. 
Hence  we  may  calculiite,  in  the  same  manner  aa  was  done  in  the 
sodium  experiment,  tliat  about  Yrnnr  ^  ^  milligramme  of  barium 
salt  may  ho  detected  with  certainty. 

The  cliloride,  bromide,  iodide,  and  fluoride,  of  barium,  as  also 
the  hydrate,  the  sulphate,  aud  carbonate,  show  the  reaction  best. 
It  may  be  obtained  by  simply  heating  any  of  these  salts  in  the 
flame. 

SiHcatea  oontaining  barinmj  which  are  decomposed  by  hydro- 
chloric acidy  also  give  the  reaction  if  a  drop  of  hydrochloric  acid 
be  added  to  them  before  they  are  brought  into  the  flame.  Baryta- 
harmotome,  treated  in  this  way,  ^ves  the  lines  Ca  a  and  Ca  fi, 
together  with  the  bands  Ba  a  and  Ba  yS. 

Compounds  of  barium  with  fixed  acids,  giving  no  reaction  either 
when  alone  or  after  addition  of  hydrochloric  acid,  should  be  fused 
with  carl)onatc  of  sodium,  as  described  under  strontium,  and  the 
carbouHtc  of  barium  thus  obtained,  examined.  If  barium  and 
strontium  occur  in  small  quantities  together  with  laige  amounts 
of  calcium^  the  carbonates  obtained  by  fusion  are  dissolved  in 
nitric  acid,  and  the  dried  salt  extracted  with  alcohol.  The  rendue 
contains  only  barium  and  strontium,  both  of  wMch  can  almost 
always  be  detected.  "VMicn  we  wish  to  test  for  small  traces  of 
strontium  or  barium,  the  residual  nitrates  are  converted  into 
chlorides  by  ignition  with  sal-ammoniac,  and  the  chloride  of 
strontium  is  extracted  by  alcohol.  Unless  the  quantity  of  one  or 
more  of  the  bodies  to  be  detected  is  extremely  small,  the  methods 
of  separation  just  described  are  quite  unnecessary,  as  is  seen  from 
the  following  experiment : — • 

A.  mixture  of  the  dilorides  of  potasnnm^  flodimn,  fitiumnj 
caldum,  strontium,  and  barium,  containing  at  the'  most  of  a 
milligramme  of  each  of  these  sidts,  was  brought  into  the  flame, 
and  the  spectra  produced  were  observed.  At.  first  the  bright 
yellow  sodium  line  Na  a  appeared,  with  a  background  formed  by 
a  nearly  continuous  pale  spectrum.  As  soon  as  this  line  bep^an  to 
fade,  the  exactly  defined  bright  red  line  of  Lithium  Li  a  was  seen; 
and  beyond  this,  still  farther  from  the  sodium  line,  the  faint  red 
potassium  line  Ka  a  was  noticed,  whilst  the  two  barimn  lines, 
Ba  a,  Ba      with  their  pcculiai'  shading,  became  distinctly  visible 


and  barium  salts  Tolatilised^  their  spectra  became  ftinter  and 
fainter,  and  their  peculiar  bands  one  after  the  other  vanished, 
until,  after  the  lapse  of  a  few  minutes,  the  lines  Ca  a,  Ca  13,  Sr  a, 

Stfi,  Sr  7,  and  Sr  8,  became  gradually  visible,  and  like  a  dissolving 
view,  at  last  attained  their  characteristic  distinctness,  colouring, 
and  position,  and  then  after  some  time,  became  pale  aud  disap- 
pear^ entirely. 


in  their  characteristic  places. 
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The  absence  of  any  one  or  of  aeyeral  of  these  bodies  is  at 
once  indicated  by  the  non-appeanmce  of  the  corresponding  bright 
lines. 


Those  who  beoome  acquainted  with  the  various  qMctia  hy  repeated 

obsen  ntion,  do  not  need  to  have  before  them  an  exact  measurement  of 
the  individual  lines  in  order  to  be  able  to  detect  the  presence  of  the 
various  constituents;  the  colour,  relative  position,  peculiar  form,  variety 
of  shade  and  brightucH8  of  the  bands  are  quite  characteristic  enough  to 
easare  exact  results,  ewa  in  the  hands  of  persons  nnaocnstomed  to  such 
.work.  These  special  distinctions  may  be  compared  with  the  differences 
of  outward  appearance  presented  by  the  various  precipitators  employed 
for  detectinjf  substances  in  the  wet  way.  Just  as  a  prcripitate  is 
characterized  as  gelatinous,  pulverulent,  flocculeut,  grauulai-,  or  crys- 
tallinoi  so  the  lines  of  tiie  bpectram  exhibit  their  peouiar  asneots,  some 
appearing  sharply  defined  at  their  edgee,  others  blended  off  either  at 
one  or  both  sides^  either  similarly  or  c&dmilarly,  some,  a|(ain,  appearing 
broader,  others  nan-owcr  ;  and  just  as  in  ordinary  analysis  we  make  use 
of  those  j)recipitates  only  which  are  prnflucod  with  the  smallest  possible 
quantity  of  the  substance  supposed  to  be  present,  so  in  analysis  with  the 
Bpectram,  wa  employ  only  those  lines  whidi  are  produced  by  the 
smallest  possible  quantity  of  substance  and  require  a  moderately 
hif,'h  temperature.  In  these  respects.  l)oth  anah'tical  methods  stand 
on  an  equal  footin*.,'  ;  but  analysis  with  the  spectrum  possesses  a  great 
advantage  over  all  other  methods,  inasmuch  as  the  characteristic  differ- 
ences of  colour  of  the  lines  serve  as  the  distinguishing  feature  of  the 
system.  Most  of  the  precipitates  whioh  are  TMuable  as  reactions  are 
colourless;  and  the  tint  of  those  which  are  ooloured  Tsxiss  very  coiisi- 
dernbly  according  to  the  state  of  division  and  mechanical  arrancremeiit 
of  the  i>ai'ticles.  The  jtresenee  of  even  the  smallest  f|uantily  ot  inijnu  ity 
is  often  sufficient  entirely  to  destroy  the  characu-ristic  colour  of  a 
precipitete ;  so  that  no  reuanoe  can  be  placed  upon  nioe  distinctions  of 
colour  as  an  ordinary  chemical  test.  In  spectrum-analysis,  on  the 
contrary,  the  coloured  bands  are  unaffected  by  such  alteration  of  phy- 
sical conditions,  or  by  the  presence  of  other  bodiea  The  positions  which 
the  lines  occupy  in  the  spectrum  indicate  the  existeno)  of  a  chemical 
property  as  unalterable  as  the  combining  weighte  themselves,  and  may 
therefore  be  estimated  with  almost  astronomical  precision.  The  foct^ 
howevsTy  which  gives  to  tin's  method  of  spect  rum -analysis  a  jieculiar 
dejfree  of  importance  is,  that  it  extends  almost  to  infinity,  ihc  limits 
Avitliin  which  the  chemical  characteristics  of  matter  have  been  hitlicrio 
confined.  By  an  application  of  this  method  to  geological  inquiries 
eonoeming  the  distiibntion  and  arrangement  of  the  componente  of  the 
various  formations^  the  most  valuable  results  may  l>c  expected;  even 
the  few  random  exjwiments  already  mentioned  have  led  to  tlie  unex- 
pected conclusion,  that  not  only  potassium  and  s(xlium,  but  also  lithium 
and  strontium  must  1)0  added  to  the  list  of  bodies  occurring,  only  indeed 
in  small  quantities,  but  most  widely  spread,  throughout  the  matter 
composing  the  solid  body  of  our  planet. 

The  m^od  of  spectrum-analysis  may  also  play  a  no  less  important 
part  as  a  means  of  detectinrf  new  elementary  substances ;  for  if  bodies 
should  exist  in  nature  so  sparingly  diffused  that  the  analytical  methods 
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hitherto  applicable  luiTe  not  sacoeeded  in  deteetins  or  aepanting  them, 
it  is  -very  possible  that  their  presenoe  may  be  revealed  by  a  simple  eatami- 

nation  of  the  spectra  produced  by  their  flames.  We  have  had  opportunity 
of  satisfyini^  ourselves  that  in  reality  such  unknown  elements  exist.  We 
])elieve  that,  relying  u])on  nnmistakeable  results  of  the  spectrum-analysi'*, 
we  are  already  justified  in  positively  stating  that,  l)esides  potaHsiuui, 
sodinm,  and  lithium,  the  group  of  the  alkaline  metals  contains  a  Ibiutli 
member,  which  es  a  spectrom  as  simple  and  characteristio  as  that  of 
lithium — a  metal  which  in  our  apparatus  gi%^es  only  two  lines,  namely  a 
faint  blue  one,  almost  coincident  with  the  stioTitimn  litio  Sr  c,  and  a 
second  blue  one  lyiug  a  little  further  towai'ds  the  violet  end  of  the 
spectrom,  and  rivaUiug  the  lithium  line  in  brightness  and  distinctness  <^ 
outline. 

The  method  of  spectrum-analysis  not  only  offers,  as  we  think'  we  have 

shown,  a  mode  of  detecting  with  the  greatest  sini]>liritv  the  presence  of 
the  smallest  traces  of  certain  elements  in  tfrrcstrial  niiitter,  but  it  also 
opens  out  the  investigation  of  an  entirely  untrodden  iield,  stretching  far 
beyond  the  limits  of  the  esrth,  or  even  of  our  solar  system.  For,  in 
order  to  examine  the  composition  of  luminous  gas,  we  require^  aooording 
to  this  method,  only  to  see  it ;  and  it  is  evident  that  the  same  mode  of 
analysis  must  V)o  ap;>H(  able  to  the  atmospheres  of  the  sun  and  of  the 
brighter  fixed  stars.  A  modification  must,  however,  be  introduced  on 
account  of  the  light  emitted  by  the  solid  nuclei  of  these  heavenly  bodies. 
In  a  Memoir  published  by  one  of  us,*  "  On  the  rslation  between  the 
Coefficients  of  Emission  and  Absorption  of  Bodies  for  Heat  and  Light,** 
it  was  proved  from  theoretical  considerations  that  the  spectrum  of  an 
incandescent  <xas  bocomea  reversrd  (that  is,  that  the  bright  linos  become 
changed  into  dark  on^s)  when  a  .source  of  light  of  sufficient  intensity, 
giving  a  oontinuous  spectrum,  is  placed  behiira  the  luminous  gas.  fVom 
this  we  may  conclude  that  tlie  solar  spectrum,  with  its  dark  lines,  is 
nothing  else  than  the  reverse  of  the  spectrum  which  the  sun's  atmosphere 
nlone  would  produce.  Hence,  in  order  to  effect  the  chemical  analysis  of 
the  J^'tlar  atmo.sphere.  all  that  we  require  is  to  discover  those  substances 
which,  when  brought  into  the  flame,  produce  bright  lines  coindding  with 
the  dark  ones  of  toe  solar  spectrum. 

In  the  paper  above  referred  to,  the  following  experimental  ftots  are 
given  in  confirmation  of  the  preceding  theoretic^il  conclusion. 

The  bright  red  line  produced  in  the  sjjectrum  of  a  gas-flame  by  the 
pi-esenee  of  a  bead  of  chloride  of  lithium,  is  changed  into  a  dark  one  when 
direct  sunlight  is  allowed  to  pass  through  the  flame.  When  the  bead  c»f 
lithium  is  rephused  by  one  of  chloride  of  sodium,  the  dark  double  line  D 
(coincident  with  the  yellow  sodium  line)  appears  with  uncommon  dis- 
tinctTicss.  The  drirk  'double  line  D  also  appears  when  the  rays  of  a 
i)rummond\s  light  are  passed  through  the  flame  of  aqueous  alcohol 
into  which  chloride  of  sodium  is  throwu.t 

*  KirchliofT,  Poijgcndoi  !T  Annal.  n,  cix.  275;  and  Thil.  Mag.  [41,  tt.  1. 
t  In  the  Philosophical  Maira/.iae  for  March  1860,  Prof.  Stokes  calls  atUjuUon  to 
the  fact  that  in  the  year  1849,  Foncault  made  an  oNwrvation  reiy  rimilar  to  the 
above.  In  the  examination  of  the  spectrum  ]iro<UHo<l  hy  tlic  cltH  trif  arc  between 
cr»r1»on  point?,  F  o  ii  o a u  1 1  noticed  that  bright  lines  occur  where  the  double  line  D  of 
the  aolar  spectrum  \a  found,  and  that  this  dark  line  D  is  prodneed  or  made  more 
Intooae  when  the  n^s  of  the  raUj  or  those  from  <Hie  of  the  incandescent  carbon  poles, 
are  pa«ed  ihioni^  tbe  laminona  ate.  The  obeervatiou  mentiraod  in  the  text  affords 
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It  appeared  of  interart  to  obtein  still  fortber  oonfinnalum  of  thia 
important  theoietiaal  oonolmrion ;  tha  fbUowing  ezperinMiita  answeced 

this  purpose  : — 

We  ignited  a  thick  ph\tinum  wire  in  t])e  flame,  and  then  by  means  of 
an  electric  current,  heated  it  to  a  temperature  approaching  ita  melting- 
point.  The  wire  gave  a  briglit  nMotrom,  in  wiixch  no  traoe  of  either 
daxk  or  brujlit  Hnea  was  seen.  A  name  of  weak  aqaeona  alooiiol,  in  whldi 
common  aafi  waa  diaeolved,  on  being  brought  between  the  wire  and  the 
^t  of  the  apparatus,  c^ve  the  dark  line  1>  most  distinctly. 

The  dark  line  D  can  l>e  produced  in  the  spe<  trnin  of  a  ]ilatiiiuni  wire 
heated  in  a  flame,  by  holding  between  tlame  and  spectioim  a  test-tube 
oontaining  some  aodnim  amMgam  which  la  heated  to  hoQing. 

This  erpeiiment  is  important,  because  it  showa  that  sodiom  vapour  at 
a  temperature  much  below  that  at  which  it  becomes  luminous,  exerts  its 
absorptive  power  at  exactly  the  same  point  of  the  spectrum  as  it  does  at 
the  highest  temperatures  which  we  can  produce,  or  at  the  temperatures 
existing  in  the  solar  atmosphere. 

We  have  anooeeded  in  reversing  the  bright  lines  in  the  spectra  of 
Sr,  Ga,  Bi,  hj  employing  Bonlij^ht  and  mixtures  of  the  chlorates  of  these 
metals  with  milk-sugar.  A  Hmall  iron  trough  was  fixed  in  front  of  the 
slit  of  our  apparatus,  in  which  the  mixture  was  placed  ;  the  <liii<  t  sun- 
light waa  then  allowetl  to  pass  along  the  whole  length  of  the  ti  ou^h,  and 
the  miztnre  was  ignited  with  a  heated  wn<e.  The  telescope  C,  with  tha 
wires  cutting  each  other  at  an  oblique  angle,  was  placed  so  that  the  point 
of  int-ersection  of  the  wires  coincided  with  the  >)ri<jjlit  line  of  the  flame- 
spectnim  which  was  to  be  examined.  The  observer  concentrated  his 
attention  u[X)n  tliisi  point,  to  judge  whether,  at  the  moment  of  burning 
the  mixture,  a  dark  line  ahoweia  itwlf  passing  t^hi-ough  the  point  of 
interaeotioii  of  the  croaa  wires.  In  this  way  it  waa  easy,  ^en  uie  zi^t 
proportions  for  the  mixtures  were  fbtUftd,  to  show  that  the  lines  Ba  a, 
Bn  as  well  as  the  line  Ka  wore  reversed.  The  last  of  these  lines 
coincides  with  one  of  the  must  distinct  dark  lines  in  the  solar  spectrum, 
though  not  marked  by  Fraunhofer,  which,  however,  appears  much 
more  plainly  than  it  is  generally  seen  at  the  moment  the  potash  salt 
hums.  In  order  to  prove  that  the  strontium  lines  can  be  reversed,  the 
chlorate  of  strontium  mTist  be  most  carefully  dried,  as  the  slightest  trace 
of  moistiuxj  produces  a  jjoaitive  strontium  spectrum,  owing  to  small 
particles  of  salt  being  thrown  about  in  the  flame,  and  thus  diminishing 
the  power  of  the  soiur  rays. 

nn  explanation  of  this  interesting  pheenomenon  observed  by  Foncault  eleven  yearg 
ago,  proring  that  it  iii  not  ocuaeioned  by  the  properties  of  the  electric  light,  which  in 
many  reroeots  is  aUll  so  enigmatical,  hat  that  it  arises  from  a  oompofmd  of  eodiom 
eoatMned  in  the  pole,  sad  eonverted  iato  IneaadsBcent  gas  bj  the  oonreai 
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* 

Found. 


CgHgBaNO,  +  llHjO 
Water  of  crystaUixatiOT   .    .   9*87  9*61  10*11 

AcetaMybenzamate(^ettlekim,C^n^C&1^0^  +  Hn.,0.— Thianlt 
was  prepared  by  saturating  the  add  with  milk  of  lime  and 
remOTmg  the  excess  of  lime  by  carbonic  acid.  It  is  only 
moderately  soluble  in  cold  water,  and  can  be  easily  obtained  in 
well-defined  crystals,  consisting  of  veiy  thin  rhombic  plates^  by 
oooling  its  hot  aqneons  sointion. 

grm./alr.dry,  lost  *08]  grm.  water  at  180*. 
*63  grm.  lost  -0781  grm.  water  at  ISO". 

*2978  grm.,  dried  at  180%  gave  *1089  grm.  sulphate  of  calcinm. 

•2087  grm.  gave  '0722  grm.  sulphate  of  calcium. 
*342  grm.,  burned  with  chromate  of  lead,  gave  '6786  grm.  car- 
bonic acid,  and  *1337  grm.  water. 


Calculated.  Foand. 

>  -     ■  — • 


Cg          108  64-56  —          —  5412 

8  4  04  —          —  4-84 

Ga          20  1010  10*26  1017  — 

N            14  707  —         —  — 

O,          48  24-24  —         —  — 


CoHgCaNO,  198  10000 

Calculated. 

C^HgCaN03  +  liHaO 
Water  of  ciystallisation   .   .   .  12*0 

Acetate  of  lead  gives,  with  a  solution  of  an  acetoxybenzamate, 
a  sticky  precipitate  which  melts  in  boiling  water  and  gradually 
dissolves;  it  is  also  soluble  in  alodioL 

Nitrate  of  miver  and  cUcnride  of  zmc,  give  no  precipitate  with  a 
moderately  strong  sointion  of  an  acetoxybenzamate.  With  a  con- 
eentrated  sointion,  nitrate  of  silver  giTes  a  precipitate  which 
blackens  on  boiling. 

AectoxybenzamaU  nf  ethyt — This  substance  cannot  be  obtained 
by  the  process  indicated  by  Stenhouse  for  the  preparation  of 
hippurate  of  ethyl,  namely,  by  heating  the  add  with  alcohol 
saturated  with  hydrochloric  acid.  The  manner  in  which  acetoxy* 
benzamic  acid  is  decomposed  under  these  circumstances  has 
already  been  described.  When  acetoxybenzamic  acid  and  absolute 
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Alcohol  are  heated  together^  no  apparent  action  takes  place  at 
lOCP;  hut  at  ahout  160"  a  compound  is  formed  which  ia  aoluhle  in 
ether  and  can  thus  he  separated  from  the  acid  which  remains  in. 
eicevB.  This  hody^  which  is  probably  acetozybensamate  of  ethyl, 
ia  Tery  slightly  soluble  in  cold  water,  bnt  tolerably  soluble  in  hot 
water;  from  this  solution  it  sometimes  separates,  by  cooling,  in 
the  form  of  an  oil  which  solidifies  gradually  on  standing.  If  long 
boiled  with  water  it  regenerates  acctoxybenzaniic  acid.  It  is  very 
soluble  in  alcohol.  On  heating  this  Kiibstance  to  100"  in  a 
Liebig's  drying-tube,  iu  order  to  dry  it  lur  aiKily^sis,  a  few  drops 
of  a  colourless  liquid  which  was  scarcely  soluble  iu  water  but 
miscible  with  aleohol,  and  which  greatly  resembled  carbolic  acid 
in  taste  and  smell,  condensed  in  the  tube  leading  to  the  aspirator. 
As  this  liquid  continued  slowly  to  distil  after  the  substance  had 
been  heated  for  many  houi*s  to  100°,  the  temperature  was  raised  to 
between  130"  and  135°.  At  this  temperature  the  liquid  distilled 
more  rapidly  and  was  accompanied  by  a  crystalline  sublimate ;  at 
the  same  time  the  supposed  acetoxybenzaniate  of  ethyl  rapidly 
became  of  a  dark  brown  colour.  Neither  the  liquid  nor  the  sub- 
limate was  obtained  in  sufficient  quantity  for  further  examination. 

Cahours*^  mentions  a  substance  which  he  obtained  by  the 
action  of  chloride  of  benzoyl  on  oxyhenzamate  of  silTer,  but  of 
which  he  neither  gives  the  formula  nor  describes  the  properties. 
Hoping  to  obtain  benzoyl- oxybenzamic  acid,  I  reacted  on 
oxyhenzamate  of  zinc  with  chloride  of  benzoyl.  The  product 
was  an  acid  insoluble  in  cold  water  and  in  ether,  slightly  soluble 
in  boiling  water,  in  alcohol,  and  in  chloroform,  and  resembling 
aoetoxybenzamic  acid  in  taste  and  in  its  appearance  nnder  the 
microscope.  A  determination  of  nitrogen  by  Dnmas's  process 
and  the  mean  of  two  concordant  combustiana  gave  the  following 
results:— 

Carbon  68-08 

Hydrogen  5*12 

Nitrogen  6*27 

Oxygen  20*58 

10000. 

which  differ  too  mueh  from  the  calculated  composition  of  benzoyl- 
oxybenzamic  acid ;  namely — 

*  Ann.  Ch.  Pharm.,  eiit,  90.  Tbit  product  Is  spoken  of  as  glyco1>eiua]nie  ad4  ia 
the  Httndwdrterbttch. 


.womtn,  on  aobtoxybbmsamio  aoiik.  1M 

Carbon  .       .       .       .  .69-71 

Hydrogen  4*56 

Nitrqgen  5*81  . 

Oxygen  19*92 

10000 

It  18  a  mAtter  of  tome  intereafc  to  oonnder  tiie  xektion  in  wlneh 
mcetoxybengamic  acid  fltands  to  luppnric  uid,  and  the  natiure  of 
the  iaonerism  of  these  two  bodies. 

If  we  bear  in  mind  the  ckMe  analogy  which  exieto  between 
glyeoool  and  ox^beasnnio  add,  the  fiomatiQO  of  aoetoxybenxamie 
add  tram  chloride  of  aeefeyl  and  oxybenaamale  of  sine  is  strictly 
comparable  to  the  farmation  of  hippnric  add  fiom  ehloride  of 
ibensoyl  and  sinc^glyooool;  and  its  decompodtiop>  when  heated 
with  water  in  presence  of  a  strong  add,  into  aeetio  and  oiqrben^ 
samic  adds  is  analogous  to  the  decompodtion  of  hipporie  add 
into  benzoic  add  and  glycocoL 


1 


Chloride  of  acetyl.    Oxybenzamate  of  zinc.   Acetozjbenzamic  acid. 

C^HsOCl  +  CaH^ZnNO,  ^  C^H^O,  +  ZnQ 
Chloride  of  MluoyL       Zine-glyoocoL  Hippnxio  add. 

C9H9NO3    +    HjO    =    C^H.O,    +  C.H^NO^ 
Acetozybenzamic  add.  Acetic  add.       Oxjrbenamic  add. 

Hlppnrie  acid.  Beuxdc  add.  OljooeoL 


Allcfwing  for  the  diilercncc  between  acetyl  and  benzoyl,  acetoxy- 
benzamic  acid  is  to  oxybenzaniic  acid  what  hippuric  acid  is  to 
glycocol.  The  simplest  way  of  expressing  these  relations  in  the 
formulae  of  the  two  substances  is  to  write  acetoxybenzamic  acid  as 
an  acetyl-derivativc  of  oxybcuzaraic  acid  (or  as  oxybenzaniic  add 
in  which  an  atom  of  hydro^^cn  is  replaced  by  acetyl),  and  hippuric 
acid  as  a  benzoyl-dcrivutive  of  glycocol  (or  as  glyCOOOl  in  which 
an  atom  of  hydrogen  is  replaced  by  benzoyl). 

Before  we  can  give  formuhc  which  will  indicate  the  further 
relations  of  these  acids,  it  is  therefore  necessary  to  consider  the 
formuhe  of  glycocol  and  oxybenzamic  add.  These  two  bodies 
occu]\v  corresponding  positions  in  two  analogous  series  of 
oompouuds. 

a  2 
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Acetic ,acid     .  C^H^O^  Benzoic  add      .  C^HgO^ 

Chloracetic  add  C^HsClO,  Nitrobenxoic  acid  C7Hg(N02)0« 

Oiyoocol.      .  C^H^NO,  Oxybemanue  add 

Olyoomc  acid  Cfifi^  Oxybemdc  and  C^HeO, 


There  are  two  prindpal  points  of  Tiew  finoin  wbich  the  meniben 
of  the  two  series  may  be  regarded,  and  accordingly  two  principal 

systems  of  rational  formulae  by  which  they  may  be  represented. 
We  may,  on  the  one  hand^  adopt  formulic  expressing  only  the 
genetic  relations  of  the  two  sets  of  compounds  to  acetic  and 
benzoic  acids  respectively ;  or,  on  the  other  hand,  formulae  which 
express  in  addition  the  general  nature  of  the  differences  wliich  the 
various  terms  of  cacli  series  exhibit  in  their  relation  to  other 
substances.  In  the  first  case,  if  we  write  acetic  and  benzoic  adds 
as  deriving  from  the  type  HgO^  we  get — 

Acetic  Series, 
Acetic  add    ...      .  ^'h*^}  ^ 
Chloracetic  add     .      .      .   ^aHj^lO|  ^ 
GlyoocoL      ....  ^s^a(J«^Jo 
GlycoUic  add .      .      .      .   ^aHa(HO)|  ^ 

Benzoic  Series,  • 
Bensoic  add  .      .      .      .   ^'g^^j  O 

Nitrobenzoic  acid  .*  .  ,  C,H4(NOJO|  ^ 
Ozybenianue  add  .  .  .  CjH^lH^NjOl  ^ 
Oxybenzoic  acid     .      .      .   C,H4(H0)0|  ^ 

In  t^e  aooond  case  we  get  the  fbllofwing^  or  equivalent 
fonniiln 
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Aeeiie  SerUi, 


Acetic  aoid 


Cbloracetic  add 


Glycocol  . 


Gly collie  acid  .      ,      •  C2II2O 


Benzoic  Serie*. 


Benzoic  acid 


Nitrobenacric  acid 


H  )  H) 
H^N  H^N 


Oxybenzaouc  acid  •  .  C^u.w  .  . .  „  s 
Oxybeiufioic  acid      «      .   C,U40  \  n  \ 

h}o  i}o 

It  will  be  seen  that  these  two  ^sterns  of  fonxnikB  differ  in  this : 

thatj  in  the  first  set,  the  type  remains  unchanged  throughout,  but 
that  the  radicle  is  difi'ereut  in  each  compound ;  while,  in  the 


• 


uiyiii^ed  by  Google 


346  ItMTXB,  OH  ▲0BTOXTBBNZAM1O  ACID. 


second  iet>  the  type  is  variable  but  the  radicle  constaTit.  It  may 
perhaps  be  said  that  this  difference  is  not  essential^  but  merely  a 
diffisrenoe  of  form:  the  elements  which,  in  the  one  case,  are 
represented  as  replacing  hydrogen  in  the  radides  acetyl  and 
benioyl  and  are  written  in  the  same  line  with  the  remaining 
elements  of  these  radicles,  being,  in  the  other  case,  separated  and 
written  above  the  other  elements.  Admitting  this  to  be  the  case, 
and  supposing  the  two  sets  of  fi>rmulsB  to  be  nsed  in  the  same 
sense,  the  question  arises  whether  or  no  one  set  of  formulae  is 
preferable  to  the  other  as  a  matter  of  form. 

On  this  point  it  may  be  observed,  first,  that  the  only  consistent 
definition  of  a  compound  radicle  is  a  group  of  elements  contained 
fft  a  greater  or  leu  number  of  tuManeee  and  not  altered  by  the 
reactions  by  which  these  substances  are  transformed  one  into  another , 
and  that  it  is  llicrefore  inconsistent  to  represent  closely  allied  and 
muiually  convertible  substances  as  containing  different  radicles  ; 
secondly,  that  the  only  consistent  use  of  typical  formulaj  is  to 
express  the  nature  of  the  transfannations  which  the  bodies  repre- 
sented  by  them  are  capable  of  undergoing,  and,  therefore,  that  it  is 
inconsistent  to  refer  to  the  same  type,  bodies  of  which  the  trans- 
formations are  very  different.    For  example,  the  formula! — 

C,H,0)q  C,H,(NO,)07q      .  C,H,(H,N)01q 

H    >  H       )  H  j 

Beaaoic  add,  Nitiobeniamie  add,  OzjbciiBaniic  add, 

ought  to  imply  that  the  salts  of  these  three  acids  ^vc  similar 
products  when  acted  upon  by  acid  chlorides,  such  as  chloride  of 
acetyl  or  chloride  of  benzoyl :  experiment,  however,  proves  that 
the  first  two  prive  anhydrides  when  so  acted  upon,  \vlnle  tlie  third 
gives  a  well  eliaractcrized  acid.  The  same  diflerence  also  exists 
between  the  salts  of  acetic  acid  and  the  salts  of  glyoocol  in  respect 
to  their  behaviour  with  similar  reagents. 

For  the<:e  reasons,  the  relations  of  glycocol  and  oxybenzamic 
acid  to  their  congeners  are  most  correctly  expressed  by  the 
formulae — 


H 

H 


H 
QljcocoL 


O 


and 


which  represent  them  as  amidic  acids  corresponding  respectively  to 
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glycoUic  (oxyacetic)  acid  and  oxybenzoic  acid.  Hence^  for  hippuric 
and  acetoxybenzamic  acids  we  get  the  formulffi^ 


H 

C,Ufi 

(C.H,0)' 
H 


N 

10 


and 


H 

a 


N 

10 


Hippnric  acid. 
(Benaoyl-ox^acetamic  acid.) 


Aee^lMugrtMniMnle  add. 


By  way  of  justificatioii  of  tins  diseuanoiL  of  wliit  may  ieon  Tery 
obvious  formula^  I  may  perhaps  be  allowed  to  give  a  ooUection 
(probably  far  from  complete)  of  fommlaB  which  have  recently  beea 

proposed  for  glycocol^  hippuric  acid^  and  oxybenaamic  acid* 


HiPFUBIO  AOID. 


1S<  H 


Of  rhardtk  TnIM  it,  767,  (186e>. 

C,.H.(H3\)0, 
Cakonr%  Ann.  Ch.  Pbys.,  [3]  liii,  (IftM). 


iH, 


Wialieenui^  Zeitidir.  t  d. 


Weltzien,  ZusammeastcU.  d.  oi;g;an.  Verbind.  (I860). 
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Gorup  Beaauoz,  Leiirb.  d.  organ.  Cliemie,  li,  (1860) 
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Kolbe,  Ann.  Ch.  Phann.,  cdii,  (1800). 
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Llaiprlehi»  IMb,  A. 


Canoita,  (1800). 


*  fn  tlw  formutoi  tuAwA  with  aa  MteriA,  H*l,  0-8,  Oa8w 
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It  is  liardly  necessary  to  add,  in  conclusion,  that  I  make 
no  claim  to  originality  in  referaace  to  the  formulae  proposed 
in  this  paper.  Gerhardt,  4n  the  formula  quoted  above, 
represented  hippuric  acid  as  benzoyUglycocol,  and  the  forniulaB 
winch  I  have  adopted  for  •oxybenzaraic  acid  and  glycocol  were 
first  proposed  by  Kekule  (Ann.  Ch.  Pharm.,  civ.  148;  cvi. 
150).  Moreover,  the  formula  for  glycocol  and  hippuric  acid 
which  are  quoted  from  Limpricht  are  Tery  nearly  identical 
with  those  proposed  in  this  paper.  The  only  difference  is^  that 
in  order  to  represent  other  reactions  than  those  which  are 
here  tsken  into  aoooont,  he  has  divided  the  radide  C^H^O  into 
GO  and  CH,,  and  has  consequently  derived  glycocol  and  Uppuric 

acid  from  the  type  jj^q|-  9  which  might  perhaps  be  more  correctly 
H,  )  * 

written  HjN  >- ;  Sat  though  in  Mme  oomponnds  nitarogen  it  com- 

H,0) 

bined  witii  the  equivalent  of  five  atoms  of  hydrogen,  these 
substances  are  always  easily  broken  up  into  a  group  equivalent  to 
and  a  group  equivalent  to  H3N. 

Through  the  kindness  of  Professor  Kekul^,  of  the  Umversity  of 
Ghent,  I  have  been  able  to  perform  the  experiments  descsiibed  in 
this  paper  in  his  laboratosry. 

Ghent,  \m  June,  1860. 


XXL — On  Baudrimoni^s  Protutulphuie  qf  Cordon, 
By  Lyon  Playfair,  C.B.,  P.R.S. 
raovsnoa  ov  oukuxbt  a  thji  dxxvsbshy  or  bdikbuboh. 

Baudrimont  has  given  various  processes  for  tlic  preparation 
of  protosulphide  of  carbon,  a  body  ^ong  expected  bv  chemists  and 
necessary  to  complete  the  analogy  between  sulphur  and  oxygen. 
Protosulphide  of  carbon  bears  the  same  analogy  to  carbonic  oxide 
tliat  bisulphide  of  carbon  does  to  carbonic  acid.  The  discovery 
of  the  body  surprised  no  one,  but  it  was  a  matter  of  astonishment 
that  the  numerous  and  simple  processes  for  its  preparation  had 
remained  so  long  unknown  to  chemists. 
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The  desoriptkni  given  by  Bandrimont*  for  the  preparatkmand 
properties  of  this  interesting  body  is  short,  fturther  details  bdng 
]xromised  in  a  future  paper.  Meanwhile,  the  new  compound  has 
received  admission  into  systematic  works  on  Chemistry. 

Being  desirous  of  making  some  experiments  with  protosiilphide 
of  carbon,  I  have  repeated  without  success  the  processes  described 
by  Baudrimont;  I  have  been  equally  unsuccessful  with  others 
which  appeared  equally  promising.  It  is  therefore  desirable  to 
obtain  further  evidence  of  this  existence  of  the  compound;  for  the 
products  of  the  processes  described  are  in  most  cases  only  carbonic 
oxide  with  the  vapours  of  bisulphide  of  carbon,  and,  in  other  cases, 
mixtures  of  carbonic  oxide,  hydrogen^  carburetted  hydrogen  and 
the  vapours  of  bisulpliide  of  carbon. 

Baudrimont,  in  the  memoir  above  referred  to,  gives  nine 
processes  for  the  preparation  of  protosulphide  of  carbon,  but 
admits  that  only  the  first  process  yielded  it  in  a  state  of  tolerable 
pfority.  To  this  process  it  will  therefore  be  sufficient  to  direct 
special  attention.  The  vapours  of  bisulphide  of  carbon  are  to  be 
passed  over  red  hot  pumioe-stone  or  Mgongy  platinum,  which  have 
the  efSbot,  according  to  Bandrimont,  of  doubling  the  compound, 
(so  much  sulphur  beuig  at  the  same  time  deposited  as  to  choke 
the  eiit  tubes),  while  the  gaseous  protosulphide  of  carbon  passes 
on,  and  may  be  collected,  after  transmission  through  solutions  of 
acetate  of  Imd  and  diddoride  of  copper. 

In  repeating  tins  and  subsequent  experiments,  it  became  obvious 
that  the  presence  of  organic  matter  and  moisture  was  a  frequent 
source  of  error,  and  it  was  necessary  to  operate  so  as  to  exclude 
these ;  accordingly  the  following  arrangement  was  adopted: — 

A  long  tube  of  difficultly  fusible  glass  was  filled  with  fragments 
of  pumice-stone  to  the  extent  of  three  feet  in  length,  and  then  the 
posterior  end  was  drawn  out  into  a  U  shape,  and  the  anterior  end 
into  a  delivery  tube  for  gaseous  products.  The  capacity  of  the 
whole  tube  was  about  95  cubic  centimeters.  The  body  of  the 
tube  containing  the  pumice  stone  was  placed  in  Hofmann's  gas 
furnace  and  heated,  a  stream  of  carbonic  acid,  dried  by  sulphuric 
acid,  being  passed  over  it  until  all  moisture  was  expelled.  When 
the  desiccation  of  the  tube  and  pumice-stone  had  been  eftccted, 
8  grammes  of  dry  bisulphide  of  carbon  were  sucked  into  the 
U  portion  of  tlic  tube,  which  was  then  sealed  by  a  lamp  and 
placed  in  a  water-bath. 

•  GonptM  wadv,  adiVt  1000. 
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The  whole  of  the  bisulphide  of  carbon  wa-s  now  slowly  passed 
over  the  red  hot  pumice  and  the  products  were  collected  over 
merciirj'  by  the  delivery  portion  of  the  tube.  The  heat  employed 
was  sufficient  to  alter  the  shape  of  the  tube,  although  it  wa* 
protected  as  is  usual  in  oombustioiij  by  metallic  gauze. 

f  ■ 

During  the  experiment  gas  c:une  over,  and  witli  it  liquid  bisul- 
phide which  eoiidensed  in  the  eudiometer.  Alter  the  8  grammes 
of  bisulphide  had  been  slowly  passed  over  the  red  hot  pumice- 
stoue,  the  products  were  as  iuilusvs  :— 

Gas  at  730mm.  press.  12°C.  temp.  .  .  155  cab.  cent. 
Liqmd  bisulphide  of  carbon    ....      5  cab.  cent. 

The  gas  corrected  for  temp,  and  pressure,  and  for  the  tension 
of  CSq  with  which  it  was  saturated  (200mm.  at  12°C.  Brezelius)  gave 

Corrected  vol.  of  gas  and  0^*0.  and  760mm.  press.  103*5  cub.  cent. 

Caustio  potash  was  now  passed  up  to  absorb  carbonic  acid  and 
sulphuretted  hydrogen,  and  the  gas  now  measured  59  cub.  cent,  at 
12°C.  and  OlOnmi.  pressure,  still  saturated  with  bisulphide  of 
carbon.  Corrected  for  this  and  brought  to  the  normal  temperature 
and  pfeesure  there  was  only  30*49  cub.  cent,  of  gas  left. 

Hence  of  the  8  grammea  of  bisulphide,  at  least  6*4  grammes 
were  found  condensed  in  the  eudiometer;  the  remaining  1*6 
gramme  was  chiefly  in  the  long  delivery  tube,  which  had  a  column 
of  condensed  bisulphide  in  it,  but  this  was  not  measured.  If  we 
neglect  this  and  assume  that  1*8  gramme  was  decomposed  into  pro- 
toaulphide  of  carbon  (0  3  p^ramme  in  vapour  being  allowed  for  the 
ei^acity  of  the  tube),  388  cub.  cent,  of  this  gas  should  have  been 
produced.  But  after  ccnrrecting  for  the  pressure,  temperature, 
and  for  the  tension  of  CS^  only  30*49  cub.  cent,  were  obtained. 
This  small  quantity  of  residual  gas  consisted  of  carbonic  oxide 
and  nitrogen,  resulting  from  the  traces  of  air  and  moisture  still 
left  in  the  pumice-stone,  or  introduced  when  the  bisulphide  of 
carbon  was  drawn  into  the  apparatus.  But  if  we  assumed  the 
whole  residual  gas  to  be  protonilphide  of  carbon,  it  would  have 
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weighed  only  0*060  gramme,  and  would  have  been  produced  from 
0*09  gramme  of  the  bisulphide.  Hence  in  anj  case  not  more  than 
1*4  per  cent,  of  the  bisulphide  employed  could  have  been  decom- 
posed in  its  passage  through  the  red-hot  pumice.  But  this  gas 
was  chiefly  carbonic  oxide  produced  by  the  action  of  moisture — 
(CS,+H6=C0-fS  +  HS,)  and  required  only  0  027  IIO  to  produce 
ity  a  quantity  which  can  easily  have  escaped  the  drying  process. 

A  careful  examination  of  the  tube  and  pumice-stone  showed 
that  no  sulphur  whatever  was  deposited,  except  one  or  two  specks 
which  could  not  have  been  weighed,  the  whole  operation  having 
been  one  of  simple  distillation  without  decomposition.  When  the 
pumice-stone  is  not  completely  dry,  then  sulphuretted  hydrogen 
and  carbonic  oxide  appear,  while  sulphur  is  deposited. 

Having  failed  in  obtaining  protosulphide  of  carbon  by  th3 
only  process  which  Baud  rim  out  describes  as  giving  it  pure,  it 
was  scarcely  necessary  to  repeat  the  other  methods ;  but  those 
described  as  yielding  the  best  results  were  examined.  The  chief 
of  these  is  to  pass  the  vapours  of  bisulphide  of  carbon  orer  red-hot 
charcoal,  animal  charcoal  being  recommended. 

On  repeating  these  experiments,  large  quantities  of  gas  were 
obtained  at  first ;  but  the  gas  ceased  abruptly,  although  the  tube 
atiU  contained  abundance  of  animal  charcoal,  and  now  bisulphide 
of  carbon  distilled  over  unchanged.  The  gas  collected  in  the 
first  part  of  the  experiment  was  washed  with  solution  of  acetate 
of  lead  and  dichloride  of  copper,  but  continually  decreased  in 
bulk,  until  only  a  small  quantity  remained.  This  vaa  analysed 
with  the  following  results ; — ^20*295  cub.  oent.  gaye 

Carbonic  oxide  .  .  .  .  11*79 
Bisulphide  of  carbon  .  .  .  4*66 
Nitrogen  383 

20-28 

The  analysis  was  however  only  approximate^  aa  some  sulphuric 
acid  was  formed  in  the  combustion  of  the  gas. 

A  like  experiment  made  with  wood-charcoal  gave  precisely 
nmilar  results* 

Both  these  experiments  proved  that  the  gas  at  first  obtained  was 
due  to  the  organic  matter  and  moisture  acting  on  the  bisulphide 
of  carbon  and  that  the  latter  distilled^over  unchanged^  aa  soon  aa 
the  former  were  removed. 
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It  is  unneeoMaiy  to  describe  the  other  eocpenmeiitB  mmde  in 
the  hope  of  piocaring  proUwulphide  o£  carbon,  as  they^  ell  gave 
negative  resnlta. 

Baudrimont  gives  as  evidenoe  of  the  oompositon  of  the  gas 
obtained  by  him  (1)  that  lime-water  decomposed  it  into  sulphide 
of  oaloiom  and  its  own  volume  of  carbonio  oxide.  It  is  dear  that 
this  experiment  was  not  a  qoantitative  one^  as  no  allowance  is 
made  for  the  solnbility  of  the  protosolphide  of  carbon,  which  is 
stated  to  disscdve  in  its  own  bulk  of  water*  Hence  the  result  may 
have  been  due  to  a  mere  mixture  of  carbonic  oxide  containing  the 
vapour  of  bisulphide  of  carbon  and  a  little  sulphuretted  hydrogen. 
(2)  Baudrimont  states  that  eudiometric  analysis  gave  equal 
volumes  of  CO^  and  SO^;  but  this  result  would  be  equally  attained 
by  the  combustion  of  a  gas  containing  equal  volumes  of  CSq 
and  CO  ;  and,  at  the  ordinary  temperature,  with  the  dimmished 
pressure  in  the  eudiometer,  the  tension  of  CSj  is  more  than  suffi- 
cient to  double  the  volume  of  gas  in  tlie  tube.  It  may  further  be 
remarked  that  Baudrimont  does  not  give  any  process  for  removing 
bisulphide  of  earbon  from  the  gases  obtained  by  him. 

In  conclusion,  it  must  be  admitted  that  tlicrc  is  no  sultieient 
evidence  of  the  existence  of  protosnlphide  of  carbon,  all  the 
processes  described  for  its  preparation  having  failed  to  yield  it. 
Buff  and  Hofmann*  seem  to  have  been  equally  unsuccessful  in 
their  endeavours  to  obtain  it  from  bisulphide  of  carbon  by 
electric  incandescence. 


XXII. — Notice  of  a  New  AmmoniO'Chrome  Compound, 
«  By  J.  Momi.AND»  F.C.S. 

When  sulphocyanide  of  ammonium  is  fused,  and  powdered 
bichromate  of  potash  added  to  it^  this  salt  dissolves  quietly  at 
firsts  giving  a  purple  coloration.  After  a  short  time,  however^  a 
very  brisk  reaction  ensues,  ammonia  and  aqueous  vapour  are 
given  off  abundantly^  and  the  residue  is  of  a  beautiful  crimson 
colour.  This  residue  consists  of  sulphocyanide  of  ammonium, 
sulphocyanide  of  potassium,  bichromate  of  potash,  sulphate  of 
potash  and  the  sulphocyanide  of  a  new  ammonio>chrome  com* 

*  JounuU  of  Chemical  Society,  xii,  288. 
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id ;  thin  last  salt  is  easfly  purified  from  the  otbem  by  washing 
vith  cold  water,  in  wbieb  it  is  but  sparingly  soluble,  and  after- 
wards hy  crystallization  from  alcoliol,  which  dissolves  it  freely, 
or  from  ether,  in  which  it  is  moderately  soluble.  This  new  salt 
has  the  composition,  Cr^  Csyj  2NH4O.    Analysis  gave  the  fol- 


whea  the  salt  was  dried  at  120°  C 


lowing  figures : — 

Theory. 

'  Found. 

Cr 

18-71 

18-71 

S 

34-53 

34-37 

N 

25-18 

24-96 

C 

12-95 

13-27 

H 

2-88 

8-89 

O 

676 

This  is  a  pexfectly  neutral  salt,  crystaUising  in  the  cubical 
system.  I  obtained  crystals  by  the  spontaneous  evaporation  of  au 
ethereal  solution,  the  form  of  which  was  the  rhombic  dodecahe- 
dron modified  by  the  planes  of  the  octahedron :  it  has  a  strongly 
hitter  taste,  especially  at  the  back  of  the  mouth.  Heated  in  a 
closed  tube,  it  gives  off  ammoniacal  vapours,  sulphuretted 
hydrogen,  and  some  compound  of  cyanogen  with  a  garlicky 
odour ;  the  residue  is  sulphide  of  chromium,  which,  when  heated 
in  the  air,  ignites^  gives  off  sulphurous  acid,  and  leaves  sesquioxide 
of  chromium. 

Neither  acids  nor  alkalies  decompose  this  salt  in  the  cold,  but 
alkalies  on  boiling  throw  down  oxide  of  chrome  ;  and  acids,  when 
concentrated,  decompose  it  by  uniting  with  the  ammonia.  Heated 
on  the  water-bath  with  sulphuric  aoid^  it  yields  sulphate  of 
ammonia  and  blue  sulphate  of  chrome;  oxalic  add  gaye  violet 
oxalate  of  chrome  and  oxalate  of  ammonia. 

Penalts  of  iron  are  not  coloured  by  this  salt,  but  nitrate  of 
flilTer  immediately  gives  a  precipitate  of  nnoertain  composition^ 
as  mnch  of  this  ohrome  salt  is  carried  down. 

Other  chromates  aa  well  as  bichromate  of  potash  also  form 
this  same  salt  with  fiised  snlphoqranide  of  ammoniiim;  ohromate 
of  potashj  and  chromate  of  lead  snoceed  pretty  well,  bat  there 
are  also  other  sabstances  formed.  I  Ibond  the  best  proportion  to 
be  6  of  solphocyanide  to  2  of  bichromate^  oorresponding  to  I  eq. 
bichromate  to  6  of  sulphocyanide. 

Fr^my's  roaeo-chrome  salts  have  the  composition 

(Cr,0,.4NH3).8A, 
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which  di£fors  cfaiefljr  in  the  doable  quantity  of  ttmnionia.  The 
oobalt-beaee  havei»  according  to  ¥T6mj,  the  fbllowing  compo- 
ntkma : — 

Co,0,  4  NH3 

»    6  „ 

I  have  attempted  to  form  other  compounds  by  the  reduction 
of  cliromates  in  the  preseuce  of  ammonia-saltSj  but  at  present 
without  succeaa. 


4 


XXIXI. — On  Circular  Palarisaiion, 

A  Discourse  delivered  to  the  Members  of  the  Chemical  Society  of 

London, 

Bt  ]>e.  J.  H,  G1.AD8TONK,  F.R.S. 

WkbiTj  at  the  request  of  the  Conncil,  I  undertook  to  bring  the  \ 
anlject  of  circular  polarisation  before  the  Chemical  Society,  I  did 
not  realise  the  quantity  of  the  observations  which  have  been 
recently  accumulated  by  the  industry  of  foreign  9a»an»*  In 
preparing  this  discourse,  I  have  been  well-nigh  overwhelmed  with 
materials^  and  I  have  ther^ore  considered  it  best  to  omit  all 
description  of  the  more  purely  physical  questions,  and  to  confine 
myself  as  closely  as  possible  to  tho^^e  brunches  of  the  subject 
wliicli  liavf  a  direct  bearin?  on  chemical  science. 

Circular  polarization  was  first  observed  in  quartz  by  Arago, 
in  1811;  it  was  investigated  by  Biot,*  and  the  subject  speedily 
attracted  the  attention  of  some  of  the  leading  physicists  of  this 
country.  Brewster,  Ilerschel,  and  Airy  made  important 
discoveries  in  res})ect  to  it ;  but  since  that  early  period,  ver\'  little 
has  been  done  by  the  scientific  men  of  Great  Britain,  wliile  in 
France  and  other  parts  of  the  continent,  investigations  have  rapidly 
extended,  and  circular  polarisation  has  been  taken  advantage  of 
for  the  solution  of  many  chemical  problems.  It  is  truci  that  soon 
after  the  formation  of  our  Society^  Leeaon  read  an  elaborate 

*  If  em.  Inst.  1812^  «ad  subsequently. 


Digitized  by  Google 


GLADSTONE,  ON  CIBCUiLAB  POLARIZATION.  255 


communication  on  the  subject  ;*  some  of  Pasteur's  papers  have 
been  translated  in  our  Quarterly  Joumal,t  and  the  matter  has  of 
course  been  referred  to  in  lectures  and  treaties  on  Natural  Philo- 
sophy;]: yet  there  can  be  no  doubt  that  British  Chemists  have 
generally  made  themselves  but  little  acquainted  with  the  sub- 
ject. 

The  leading  phenomena  of  circular  polarization  are  simply  these. 
If  a  slice  be  cut  from  a  crystal,  endowed  with  tliis  property,  in  a 
direction  perpendicular  to  its  axis,  and  it  be  examined  by  polarized 
light,  it  does  not  exhibit  the  coloured  rings  and  black  cross  ;  and 
if  the  emergent  polarized  ray  be  analysed  by  a  doubly-refracting 
prism,  the  two  images  have  complementary  colours,  which  change 
as  the  prism  is  made  to  revolve.  If  such  a  slice  of  crystal,  or  a 
Hqnid  poaaessing  the  same  power,  be  placed  between  the  polarizer 
and  analyser  of  a  polarisoopei  the  maximum  and  minimum  of  light 
are  in  fact  not  attained  when  the  plane  of  reflection  is  inclined  to 
that  of  polarization  at  (f  and  iKf,  but  at  some  other  angles 
90P  apart.  The  amount  of  this  deflection  will  differ  with  the 
colour — that  is,  with  the  refirangibility  of  the  ray ;  thus  a  violet  ray 
will  be  deflected  to  perhaps  twice  the  distance  of  a  red  ray;  and 
hence  when  white  light  is  employed,  a  series  of  oolonrs  are  ob- 
served following  one  another  in  regular  succession,  as  the  analyser  is 
made  to  revolve.  If,  in  order  to  make  these  follow  in  their  natural 
order — red,  orange,  yellow,  green,  blue,  violet — ^it  is  necessary  to 
turn  the  analyser  to  the  right — that  is  to  say,  in  the  direction  of 
the  hands  of  ii  watch — the  substance  is  said  to  exhibit  right-handed 
or  positive  circular  polarization,  which  is  usually  indicated  by  the 

sign  £^  or  +  :  if«  on  the  contrary,  the  analyser  must  be  turned 
to  the  left  to  produce  the  same  result,  the  polarization  is  leit- 


On  revolving  the  analyser  beyond  the  violet  rays,  the  same 
order  of  colours,  beginning  with  red,  reappears,  end  there  is  a 
transition  tint,  called  by  the  French  temt  de  postage  or  temi 
ietmbk,  which  from  its  sensitiveness  is  very  valuable  for  obser- 
vations. 

•  Mem.  and  Proc.  Chem.  Soc.,  li,  26. 

+  Chem.  S.K-,  ()m.  J.,  iii,  79  ;  v,  G2 ;  ri,  273,  277. 

X  For  iiiHtauce,  in  Golding  Bird's  ElemenU  of  Kskusl  Philosophy;  in 
Pereira's  Leotures,  Pharm.  J.,  ii  and  iii  i  in  Graham's  Sleasats  of  dMHUstiy, 
2iid  Edit,  Vol.  U,  p.  464 ;  sad  in  a  Icdaie  hj  Mssltolyno,  Pbll.  Msg.  (4),  i,  4S8. 


handed,  or  negative,  and  the  sign 


is  employed. 
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For  the  ezplanatiim  of  these  phenomena  on  the  nndolating 
theory,  I  can  only  refer  to  Fr esn el's  Memoirs.* 

Substances  which  exhibit  Circular  Polarization. — The  following 
table  oontains  a  list  of  the  substances  in  which  the  phenomena  of 
circular  polarization  have  been  obeerred.  It  is  doubtless  incom- 
plete j  and  it  must  be  borne  in  mind  also  that  the  effects  are 
produced  by  very  many  compounds  of  some  of  these  bodies,  which 
are  not  included  in  the  table.  Against  the  name  of  the  substance  is 
placed  the  sign  +  or  — ,  to  indicate  the  direction  of  the  rotation, 
and  in  another  colamn  the  name  of  the  observer  who  first 
remarked  the  property  in  the  substance  in  question,  or  who  has 
worked  upon  it  to  the  greatest  effect.  Where  a  second  observer 
has  discovered  the  existence  of  a  power  of  rotation  in  a  direction 
opposite  to  that  first  discovered,  which  is  by  no  means  an  un- 
common circumstance,  or  has  otherwise  largely  extended  our 
knowledge  of  the  subject,  his  name  has  generally  been  added. 
The  last  column  indicates  whether  the  substance  has  been  ob- 
served to  ibrm  hemihedral  crystals,  either  itself  or  in  its  com- 
pounds. 


SnbsisBoa 

DinetioiL 

Hemi- 
hedral} 

Quartz  crvBtal    . . 

+  or  - 

Arago,  Biot^  Brewstar,  HerBchel 

Han. 

Chlorate  of  soda  (solid). . 

+  or  — 

Marbach 

Ham. 

Brouiatc  of  soda  (liolid). . 
Aeetatc  of  uranium  and  1 

+  or  — 

tt 

+  or  — 

soda  (solid)    . .  J 

Cinnabar . . 

+  or  — 

Descloizcaux 

Oil  of  turp«fitin« 

+  or  ^ 

Bio^  Seebaek,  Leaaoa  « 

Oil  of  lemon 

+ 

Oil  of  berganiott« 

+ 

Oil  of  saiae 

» 

Oil  of  c:irraw!\y  . , 

+ 

If 

Oil  of  spearmint 

>f 

Oil  of  me 

Oil  of  nutmeg    . .       . . 

+ 

Loaaon 

Oil  of  lavender  . . 

Oil  of  oubebs     . .        . . 

Wiihelmy 

Oil  of  valerian   ••  .. 

»9 

Oil  of  amber 

n 

Cavtor  oil 

+ 

n 

Crotom  oil       . .      . . 

+ 

n 

Balaam  of  eopsilia 

i> 

+  or  — 

Biot,  Cbaniard 

•  Ann.  Ch.  FI178.  (9),  xc?iii,  147.  TUa  ia  abalisetad  In  Dainiin*«  ^^f^  ^ 
menkUre  de  PAfraijaMf  whlolk  oontoina  many  of  <ha  moal  recant  obaamtlona  on  tha 
an1)jaet 
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'SJSiY.r^Co/Unijuiwiis  to  the  History  of  the  r hosphorus-Ba$e$. 
Bt  Avovstus  William  Hofmamn,  F.B.S, 

[AbilfMted  ftom  %  Mriaa^f  pipeit  md  beforo  tlw  Itoyal  Soetoty,  Jum  SI,  IMO.] 

FIB&T  HfiHOlB. 

In  a  paper*  publubed  a  few  yean  ago  by  M.  Caboart  and 
mysdf,  the  remarkable  phosphorus-compounds,  whose  existeiice 
was  fint  pointed  out  by  the  experiments  of  M.  Paul  Th€nard» 
were  snljected  to  a  more  complete  examination  than  they  had 
preTiously  receiTed. 

The  discovery  of  a  better  mode  of  preparation  enabled  ns  to 
gain  a  clearer  view  of  the  nature  of  this  group  of  substances,  and 
to  throw  additional  light  on  their  relations  to  the  nitrogen-bases ; 
but,  owing  to  the  overwhelming  number  of  reactions  which 
presented  themselves,  wc  were  uua])lo  to  submit  the  behaviour  of 
the  phosphorus-baaes  with  other  groups  of  bodies  to  a  detailed 
examination. 

In  continuation  of  former  experiments,  I  have  lately  been  much 
engaged  in  the  investigation  of  the  polyatomic  ammonias,  the 
study  of  whidi  was  naturally  suggested  by  the  beautiful  researchea 

•  Philosophiosl  TiaaasetioiM^  vol.  eacMi,    676.  ClMm.  Soc;  Qcl  vol.  xi,  p.  M. 
VOL.  XJII.  u 
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which  haye  been  paUished  on  the  polyatomic  alcoholB.  In  the 
coarse  of  these  experiments^  I  frequently  had  occasion  to  return 

to  the  phosphorus-bases,  the  employment  of  triethylphosphine  in 

particular  having  iu  many  instances  led  to  readlts  which  would  not 
easily  have  been  obtained  iu  any  other  way.  The  possibility  of 
pn  paring  this  body  in  a  state  of  perfect  purity  and  in  considerable 
quantity,  by  a  aeries  of  processes,  which,  if  not  quite  simple,  are 
at  least  d(  finite  and  certain,  its  position  in  the  system  of  organic 
compounds,  its  conveniently  situated  boiling-point,  the  energy  and 
precision  of  its  reactions^  and  lastly,  the  simplicity  which  charac- 
terizes th^e  reactions,  in  consequence  of  the  absence  of  nnreplaeed 
hydrogen  in  triethylphosphine^ — ^whereby  the  formation  of  a  large 
number  of  coraponnds  of  subordinate  theoretical  interest  is 
excluded, — all  these  conditions  tend  strongly  to  invite  na  to  the 
study  of  a  hody^  in  whose  chemical  relations  the  leading  questions 
of  the  day  are  not  unfreqnently  mirrored  with  aurprising  diatinct* 
ness. 

It  was  originally  my  intention  to  pnt  together — ^in  one  frame, 
as  it  were— the  Tarioos  facta  which  I  haye  collected  relating  to  the 
phosphoms-hases;  hut  the  material  lies  scattered  in  so  many 
directions^  that  I  deem  it  more  adyisahle  to  publish  these  ohsenra- 
tions  in  a  number  of  shorter  memoirs,  which^  from  the  nature  of 
the  subject^  must  he  more  or  less  fragmentary. 

Preparation  of  Tritthijlplwsphhie. — The  whole  of  the  material 
used  in  my  experiments  was  prepared  by  the  process  formerly 
described  in  detail  by  Call  ours  and  myself.  The  only  alteration, 
which  has  been  found  advisable,  relates  to  the  separation  of  the 
triethylphosphine  from  the  chloridc-of-zinc-eompound,  which  is 
produced  by  tl\e  action  of  trichloride  of  phosphorus  on  zinc-ethyL 
It  was  formerly  our  practice  to  throw  solid  hydrate  of  potassium 
into  the  viscid  mass  of  this  salt,  and  then  to  dissolve  the  potassa 
by  gradually  dropping  water  into  the  retort,  the  heat  resulting 
from  the  reaction  being  sufficient  to  carry  over  the  base  nearly 
anhydrous.  It  is  better,  however,  to' mix  the  double  salt  at  once 
with  water,  and  then  decompose  it  in  a  retort  filled  with  hydrogen, 
by  allowing  strong  potassa-solution  slowly  to  flow  into  it.  On 
subsequently  distilling  the  mixture  on  a  sand  bath  in  a  continuous 
but  very  alow  stream  of  hydrogen,  the  triethylphosphine  passes 
over  with  the  aqueous  vapour  and  floats  on  the  top  of  the  con- 
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densed  water  in  the  receiver.  By  adopting  this  mode  of  pro- 
oeeding,  the  reaction  is  more  under  the  Qommand  of  the  operator, 
and  as  the  phosphorus-base  is  not  sensibly  soluble  in  water,  ti&e 
quantity  of  the  product  is  not  thereby  dimhiished. 

By  exact  adherence  to  the  prescribed  conditions^  it  is  by  no 
means  diffioolt  to  prepare  considerable  quantities  of  pure  triethyl- 
phosphine ;  nerertlieless  the  amount  obtained  is  always  less  than 
it  should  be  in  proportion  to  the  weight  of  the  materials  used. 
This  loss  is  mainly  due  to  the  fbrmation  of  secondary  products, 
wlueh  cannot  be  wholly  avoided  eren  when  the  sine-ethyl  has  been 
cafefuUy  prepared,  and  to  partial  decomposition  of  the  latter 
substance  daring  distillation :  for  it  is  scarcely  possible  to  imagine 
a  more  elegant  reaction  than  that  which  takes  place  between 
trichloride  of  phosphorus  and  ready-formed  zinc-ethyl.  Under 
these  circumstances,  many  attempts  were  naturally  inade  to  obtain 
the  phosphorus-base  in  other  ways;  I  have  always,  however, 
returned  to  our  orijEnnal  process. 

Totally  unsuccessful  was  the  attempt  to  obtain  triethylphosphine, 
without  previous  preparation  of  zinc-ethyl,  by  exposing  a  mixture 
of  1  equiv.  of  trichloride  of  pliosphorus  and  3  equivs.  of  iodide 
of  ethyl  with  excess  of  zinc  in  sealed  tubes  to  a  temperature  of 
150"  C.  The  bodies  react  under  these  circumatauces;  but  as  only 
traces  of  triethylphosphine  are  produced,  I  have  not  thought  it 
worth  while  to  pursue  this  reaction  further.  A  more  favourable 
result  was  obtained  by  heating  a  mixture  of  zinc  and  phosphorus 
with  anhydrous  iodide  of  ethyl  to  between  150^  and  160°.  After 
several  hours'  digestion,  the  tubes  were  found  to  be  coated  with 
white  cfjBtals,  and  a  considerable  portion  of  the  phosphorus  had 
passed  into  ihe  red  modification.  Powerful  escape  of  gas  always 
took  place  on  opening  the  tubes,  and  in  several  instances  they 
were  shattered,  even  when  their  points  were  softened  in  the  lamp- 
flame  to  diminish  the  violence  of  the  concussion.  Besides  sine- 
ethyl,  the  presence  of  which  is  indicated  by  the  abundant  evolu* 
tion  of  hydride  of  ethyl  which  is  observed  on  treating  the  contents 
of  the  tube  with  water,  the  chief  products  of  this  reaction  are 
three  phosphorus-compounds,  which  arc  furmed  in  proportions 
varying  according  to  the  temperature  and  the  duration  of  the 
action. 

On  extracting  the  brown  residue  in  the  tubes  witli  warm  water, 
and  evaporating  the  clear  solution,  an  oily  substance  separates 
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wkidi  covers  the  bottom  of  ttie  dish,  and  on  cooling  solidifies  into 
ft  mass  of  hard  cry  stab.  .By  repeatedly  rryttallizing  thkcubBtaiioe 
from  boiling  water  and  from  alcohol,  large  crystals  are  obtaiaadi 
which  give  off  triethylphosphiAe  when  treated  with  potMta  etea 
in  the  oold;  l^aiiftiy«iB*  they  were  found  to  consist  of  a  oompcmnd 
of  iodide  o(  sine  with  iodide  of  triethylpbotphmiain,  oonpoMd 
according  to  the  fonmila 

A  eolation  of  iodide  of  triethylphoaphoninm  mixed  with  iodide 
of  line  immediatdy  gim  a  ■eryeUdline  oompound  of  exactly  ntaikst 
characters. 

The  mother-liquor  of  the  double  salt  yields,  when  fbrther 

evaporated,  another  crystalline  body  which  is  more  difficult  tO 
purify.  After  thrc  c  or  four  crystallizations,  however,  wrfl- 
developed  crystals  are  obtained,  which  do  not  yield  triethylphos- 
phine  when  treated  with  potash^  either  in  the  cold  or  with  aid  of 
heat. 

Analysis  shows  that  this  crystalline  substance  is  a  compound  of 
iodide  of  zinc  and  oxide  of  triethylphosphine, 

Cellj.rO,  ZnI=:(Cjg3K),ZnL 

The  third  compound^  which  remains  in  the  motherwUquor  after 
the  two  former  have  crystallized  out,  and  separateSy  on  farther 
emporation,  in  beantiftil  needle-shaped  crystals,  ma7  be  recognised 
without  difficulty  as  iodide  of  tetrethylphoephonium.  The  crystals 
are  insoluble  in  cold  potassa-solution,  and  give  off  triethylphoa- 
phine  only  when  heated  with  solid  hydrate  of  potassinm. 

This  iodide  likewise  unites  with  iodide  of  line  j  and  as  this  latter 
salt  is  always  present  in  themother-Uqnor  in  considerable  qoBBtityj 
the  double  salt  is  generally  obtained  together  with  the  simple 
iodide. 

*  TIm  GOUxbiMtion  of  the  phosphorus-compounds  is  not  reiy  easily  effected.  Tb» 
experiment  succeeds  hesi  witli  a  mixture  of  cliromate  of  lead  and  oxide  of  copper. 
All  the  carbon-dctonninutionH  (juoted  in  the  followin.ir  pacri^  hnvo  heon  made  with 
thU  mixture,  unlees  another  mode  of  proceeding  is  specially  stated.  All  the  snb- 
fltmoei  ilMljBed  weri  dried  «l  100^  except  in  a  tnr  auca,  when  the  mo  le  of  drying 
is  also  q»eeiit]lj  mentioiMd. 

The  details  of  the  analytical  determinations  are  given  ia  the  original  papoxs 
published  in  the  I'hili  s  'phical  TmnsaciionB  for  1860. 

t  H-ls  0-16}  0  =  12. 
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The  mode  of  formatiooi  of  these  oompound^  ia  represented  by 
the  following  eqvationa 

4C2H5I  +  P  +  3Zii  =  [(C^H5)3HP]I,  Zn  H-2Za  I  +  CaH^. 
4CaH^I+P+3Zn  =  L(C,H^^P]I,  ZnI+2ZnI. 

The  compound  contaiaiug  oxide  of  tricthylphosphiue  is  evidently 
formed  at  the  expense  of  the  air  in  the  tube:— 

(CaHJjP  +  O  +  Znl  =  (CaH5)3PO,ZaI. 

The  above  zinc-iodide-coinpoimds  of  triethyl-  and  tetrctliyl-phos- 
phonium  possess  interest  only  in  so  far  as  they  may  serve  for  the 
preparation  of  pliosphorus-base.  The  mixture  evaporated  to  dry- 
ness and  distilled  with  hydrate  of  potassium  in  an  atmosphere  of 
hydrogen^  cloos  indeed  yield  appreciable  quantities  of  triethylphos- 
phine :  the  action  of  iodide  of  ethyl  upon  a  mixture  of  zinc  and 
phosphorus  may  therefore  be  recommended  when  it  is  desired  to 
prepare  a  sample  of  this  remarkable  compound  without  specially 
ananged  apparatus :  but  it  is  not  adapted  for  the  preparatipn  of 
the  phosphorus-base  on  the  large  scale. 

I  have  endeavoured  to  prepare  by  this  process  triaauf^hosphin0 
and  irialfy^ho^hme,  bat  the  results  were  not  such  as  to  encourage 
me  to  continue  the  experiments. 

Cahours  has  recently  made  similsr  experimpats,  but  with  a 
di^rence  in  the  mode  of  conducting  tliem,  which  cannot  fall  to 
influence  the  result.  Instead  of  subjecting  iodide  of  ethyl  to  the 
action  of  a  mechanical  mixture  of  sine  and  phosphorus,  he  has 
caused  the  compound  Zn,  P  to  act  upon  iodide  of  ethyl  at  a  high 
temperature.  The  reaction  will  doubtless  proceed  more  regularly 
under  these  conditions  ;  but  the  advantage  which  may  perhaps  be 
gained  by  avoiding  the  preparation  of  the  zinc-ethyl  is  com- 
promised, at  least  in  part,  by  the  time  and  trouble  expended  in  the 
somewhat  complicated  prej^aration  of  trizinco-phosphide. 

Oxide  of  Triethylphosj)hine. — The  formation  of  the  compound 
of  this  oxide  with  iodide  of  zinc  to  which  I  have  alluded,  induced 
me  to  subject  to  a  careful  examination  the  beautifully  cnt'stallized 
body  produced  from  the  phosphonis-basc  by  exposure  to  the  air. 

In  our  former  experiments,  Cahours  aud  myself  had  often 
observe^  thi|i  ^gnibstance,  bjut  we  did  not  auoceed  in  obtaining  it  in 
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a  state  of  purity  fit  for  analysis.  Nevertheless,  founding  our 
conclusion  on  tlu?  composition  of  the  corresponding  Buiphur- 
compound,  and  having  regard  to  thfi  aiiak^ies  presented  by  the 
bodies  of  the  arsenic-  and  antimoay-Mries,  we  regarded  thiB  body 
as  the  oxide  of  the  phosphorus-base : 

C,H„PO  =  {C,H5)3PO. 

I  have  since  confirmed  this  formula  by  analyBis. 

The  difficulties  which  in  our  former  experiments  opposed  the 
preparation  of  this  compound  in  the  pure  state,  arose  entirely  from 
the  comparatively  small  quantity  of  material  with  which  we  had  to 
work.  Nothing  is  easier  than  to  obtain  this  oxide  in  a  state  of 
purity^  provided  the  avaiUble  quantity  of  material  is  sufficient  for 
distillation.  In  the  course  of  a  number  of  preparations  of  triethyl- 
phosphine  for  the  new  experiments^  a  considerable  quantity  of  the 
oxide  had  accumulated  in  the  residues  left  after  distilling  the  zinc- 
chloride-compound  with  potassa.  On  subjecting  these  residues  to 
distillation  in  a  copper  retort,  a  considerable  quantity  of  the  oxide 
passed  over  with  the  aqueous  vapours ;  and  a  further  quantity  was 
obtained  as  a  tolerably  anhydrous  bnt  strongly  coloured  liquid  by 
dry  distillutiou  of  the  solid  cake  of  salts  which  rtmaiucd  after  all 
the  water  had  passed  over.  The  watery  distillate,  with  or  without 
addition  of  hjdrocliloric  acid,  was  ev  aporated  on  the  water-bath 
as  far  as  practicable,  and  the  concentrated  solution  was  mixed  with 
solid  hydrate  of  jjotassium,  which  immediately  separated  the  oxide 
in  the  form  of  an  oily  layer  floating  on  the  surface  of  the  potasli. 

The  united  products  were  tlit  ii  left  in  contact  with  solid  potash 
for  twenty-four  hours,  and  again  distilled.  The  first  portion  of 
the  distillate  still  contained  traces  of  water,  a  thin  layer  of 
triethylphosphine  floating  upon  the  surface.  As  soon  as  the 
distillate  solidified,  the  receiver  was  changed,  and  the  remaining 
portion  (about  nine-tenths)  collected  apart  as  the  pure  product. 

With  reference  to  the  properties  of  oxide  of  triethylphosphine, 
I  may  add  the  following  statements  to  the  description  formerly 
given'i^*  This  substance  crystallizee  in  beautiful  delicate  needles, 
which,  if  an  appreciable  quantity  of  the  fused  compound  be  allowed 
to  cool  slowly,  frequently  attain  the  length  of  several  inches.  I 
have  been  unable  to  obtain  well-formed  crystals ;  as  yet  I  have  not 

*  PliUotophiad  Tnmwctioi^,  1867,  p.  586;  Chem.  8oe.  Qn.,  toL  si,  p.  68. 
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found  a  solveut  from  whick  this  substance  can  be  crystallized.  It 
is  soluble  in  all  proportions^  both  in  water  and  alcohol,  and 
separates  from  these  solvents  on  evaporation  in  the  liquid  condition, 
and  solidifies  only  after  evcn^  trace  of  water  or  alcohol  is  expelled. 

A.ddition  of  ether  to  the  alcoholic  solution  precipitates  tlus  body 
likewise  as  a  liqpd.  The  neUing  point  of  oxide  of  triethylphoa- 
phine  is  44** ;  the  point  of  solidification  at  the  same  temperature. 
It  boils  at  24Xf  0.  (oonected). 

As  no  detenninaticm  of  the  vapour-density  of  any  member  of 
the  group  of  compounds  to'  which  the  oxide  of  trietbylphosphine 
beioiigs  has  yet  been  made,  it  appeared  to  me  of  some  interest  to 
perform  this  experiment  with  the  oxide  in  question.  As  the 
quantity  of  material  at  my  disposal  was  scarcely  suflScient  for  the 
determiiiatiou  by  Dumas'  metliodj  luid  Gay-Lussac's  was  in- 
applicable on  account  of  the  high  boiling-point  of  the  compound, 
I  adopted  a  modification  of  the  latter,  consisting  essentially  in 
gencratinp^  the  vapour  in  the  closed  arm  of  a  U-shaped  tube  filled 
with  mercury  and  immersed  in  a  copper  vessel  containiug  heated 
paraffin,  and  calculating  its  volume  from  the  weight  of  the  mercury 
driven  out  of  the  other  arm.  As  I  intend  to  publish  a  full  descrip- 
tion of  this  method,  which  promises  to  be  very  useful  in  certain 
easeSy  I  shall  here  content  myself  with  stating  that  the  results  of 
my  experiments  prove  the  vapour-density  of  oxide  of  trietbylphos- 
phine to  be  66  30,  referred  to  hydrogen  as  unity,  or  4*60  referred  to 
atmospheric  air.  Assuming  that  the  molecule  of  oxide  of  trietbyl- 
phosphine oomspottds  to  2  vols,  of  vapour,*  the  calculated  specific 

13 1 

gravity  of  its  vapour  =  -g-  =  67,  when  referred  to  hydrogen,  and 

4*68  when  referred  to  air.   Hence  we  may  eondude  that  in  oxide 
of  trieihylphoBphine,  the  elements  are  condensed  in  the  same 
.manner  as  in  the  minority  of  thoroughly  investigated  oiganio 
compoimds. 

From  the  fiunlity  with  which  triethylpliosphine  is  converted  into 
the  oxide  by  expomre  to  the  air,  even  at  ordinary  temperatures, 
and  from  the  very  high  boiling-point  of  the  resulting  compound, 
in  consequence  of  which  its  vapour  can  exert  but  very  slight 

tension  at  ordinary  temperatures,  I  am  induced  to  think  that  the 

phosphorus-base  may  be  used  in  many  eases  for  the  volumetric 
estimation  of  oxygen.    When  a  paper  ball  soaked  in  triethylphos- 

*  H,0  »  2  vols,  of  TSponr. 
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phine  is  passed  up  into  a  portion  of  air  confiiied  over  mercury, 
the  mercury  immediately  begins  to  rise,  and  continueB  to  do  so 
for  about  two  hoan,  after  which  the  volume  beoovnes  constant, 
dimination  corresponding  very  neaily  to  the  proportion  of  oxygen 
in  the  air.  To  obtain  very  exact  resnlta,  howew,  it  wonld  pro- 
bably be  necessary  in  every  case  to  remove  the  residnsl  vapour  of 
tiiethylphosphine  by  means  of  a  ball  saturated  with  aulphnric  acid. 

Oxide  of  triethylphosphine  exhibits  in  general  but  small  ten<« 
den<^  to  unite  with  other  bodies ;  neverthdess  it  ftrats  crystaiKne 
compounds  with  iodide  and  bromide  of  rinc.  I  hare  esftmined 
more  particnlaly  the  sinc-iodide-componnd  already  mentioned^ 

Oxide  of  Triethylphosphine  and  Iodide  of  Zinc- — On  mixing 
the  solutions  of  the  two  bodies,  the  compound  separates  either  as  a 
crystalline  precipitate  or  in  oily  drops,  which  soon  solidify  with 
crystalline  structure.  It  is  easQy  purified  by  reciystallisation  from 
alcohol  and  contains— 

CeH„P  O,  Znl  «  {CfiJ^^V  O,  Zil  1. 

It  is  remarkable  that  this  compound  is  formed  in  presence  of  a 
large  excess  of  hydriodic  and  even  of  hydrochloric  acid. 

The  crystals  melt  at  99°  :  they  readily  dissolve  in  warm  water, 

and  even  more  easily  in  alcohol.  From 
the  alcoholic  solution  well-formed  crys- 
tals are  frequently  obtained. 

My  friend  Quintino  Sella  has  ex- 
amined these  crystals.* 

*»|<j>#  (        l""^^'"      ''System monoclinic 

100, 101 «  84^  26';  101,001s48<'48'| 
111,  010^60*16'. 

Forms  observed  : — 
100,  QIC,  001,  110,  Oil,  111,  (Fig.  1). 
Combinations  observed : — 
110,  001  (Fig  2). 
110,  001;  100  (Figs.  3  &  4). 
110,  001;  1(X),  010  (Fig.  5)  . 
001,  100,  110,  111. 
001,  100,  110,  111;  Oil. 
001,  100,  110,  111;  Oil,  010  (Fig.  6). 

t  The  details  of  the  cr}'BtAlIog-raphicaI  detenninaiions  ara  ^van  In  tlis  sifgfaisl 
piptni  pnUUMd  in  tbe  Pliilowphiaa  Tiaaneltotf  ftnr  18S0. 
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Fig.  5. 


Fig.  6. 


7%.  7. 


Hemitroinc  crystalfl  withtiie  aiis  of  hemitropy  plOO],  irith 
the  fiuse  of  hiemitK^  001. 

The  hemitroj^  crystals  are  sometimea 
liinpley  as  in  Fig.  7 1  sometimea  compli- 
cated, as  in  Fig.  8.  It  is  then  difficult 
to  distinguish  them  from  trimetric  crys- 
1"*  become;,  howeveri  intelligible 

.  .  ^  M     by  assnming  that  tbey  result  from  jfomr 
(''•t  "  -y^^  hemitropic  crystals  grouped  loond  [100], 
as  in  Fig.  9.    It  is  found  sometimes  that 
several  crystak^  like  those  of  Fig.  8,  are  associated  bj"  001. 


Fig.  9. 


It  deserves  to  be  noticed  that  the  crystals  (Figs.  2,  3,  4,  5,  and 
7)  were  formed  in  the  presence  of  hydrochloric  acid,  and  that  in 
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the  absence  of  this  acid,  only  crystals  of  Fig:.  8  are  obtained, 
which,  without  the  study  of  the  cleavage  and  the  optical  characters, 
could  not  be  distinguished  from  trimetnc  crystals. 

Cleavages  001  and  1 10  neat  and  easy.  The  deavage  110  of  the 
hemitropic  crystals  (Fig.  8)  exhibits  re-entering  angles.  * 

Lustre  vitreous  on  the  fracture,  fatty  on  the  fooes. 

Hardness  somewhat  greater  than  that  of  gypsum. 

The  crystsls  are  optically  poritiTe;  the  line  of  i^minetry  [010] 
is  their  principal  medium  line.  The  internal  angle  of  ihe  iqptical 
axes  differs  bat  little  from  78°:  and  the  plane  whidi  contains  them 
is  nearly  perpendicular  to  the  edge  of  the  prism  110. 

The  smallest  index  of  refraction  is  approximately  7  s  1*58.'' 

Omde  of  Triethylphasphine  and  Dichkride  of  Platinum. — ^No 
precipitate  is  formed  on  mixing  the  aqueoos  solutions  of  the  two 
oompoimds,  however  concentrated ;  but  on  adding  the  anhydrous 
oxide  to  a  concentrated  solution  of  dichloride  of  platinum  in 
absolute  alcohol,  a  crystalline  platinum-compound  is  deposited 
after  a  few  moments.  This  compound  is  exceedingly  soluble  in 
water,  easily  soluble  in  alcohol,  insoluble  in  ether.  On  adding 
ether  to  the  alcoholic  solution,  the  salt  is  precipitated,  although 
with  difficulty,  in  the  crystalline  state,  l^e  alcoholic  solution, 
when  evaporating  spontaneously,  yields  beautiful  hexagonal  plates, 
frequently  of  rather  large  dimensions.  On  account  of  its 
extreme  solubility,  it  is  not  quite  easy  to  obtain  this  salt  in  con- 
siderable quantity. 

Analysis  has  led  to  the  somewhat  complicated  formula 


Ct*H«oP40sPt,Cle=8[(C,H^),PO],  (C^,HJ,PCl^p  2PtCl,. 


The  platinum-salt  has  likewise  been 
examined  by  Quintino  Sella. 


"  System  monoclinio  : — 
100,   101  =  27°  19';  101,  001  = 
46^23';  010,  lllr3  4r  4'. 


Forms  observed : — 


100,  001, 110, 101,  111,  112  (Fig.  10.) 
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Combinatioiis  observed : — 

001, 100,  110.  (Kg.  11). 

001, 110, 112, 101. 

001, 110, 112,  roi,  100,  111  (Fig.  12). 


Wig.  11.  Vig^  IS. 


Cleavages  101  and  110  neat  and  easy. 

Colour  orange-red. 

The  optical  axes  arc  situated  in  010,  i.  e.  in  the  plane  of  sym- 
metry. They  are  seen  across  the  faces  001  and  the  cleavages 
101,  and  they  make  an  apparent  angle  of  about  64%" 


On  mixing  a  otmcentrated  solution  of  the  oxide  of  triethylphos- 
phine  with  iriMnide  qfffM,  a  deep-yellow  oil  is  separated,  which 
crystaUiaea  with  diffienlty  after  considerable  standing.  This  com- 
pound is  exceedingly  soluble  in  water  and  in  alcohol.  When  the 
aqueous  solution  is  heated,  the  gold  is  xeduced;  the  transformation 
which  the  oxide  of  triethylphosphine  undergoes  in  this  reaction 
has  not  heen  examined. 

Chknide  of  71m  forms  likewise  an  oily  compound  with  the 
oxide :  I  have  not  succeeded  in  crystallizing  this  compound. 

Chloride  of  Mercury  is  without  any  action  on  oxide  of  trietliyl- 
phosphine. 

Oxy chloride  of  Triethylphosphine. — On  passing  a  current  of  diy 
hydrochloric  acid  through  a  layer  of  oxide  of  triethylphosphine 
which  is  fused  in  a  U-shaped  tube  surrounded  by  boiling  water, 
brilliant  crystals  are  soon  formed.  These  cryetals,  however, 
rapidly  disappear,  the  compound  formed  in  the  commencement  of 
the  reaetion  uniting  with  an  excess  of  hydrochloric  add.  The 
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vitoons  Hqaid  whicli  ultimately  ranains  bdund^  loMi^  vlien  hmM, 
the  esoess  of  l^drocUoric  acid«  leaving  an  eieeedini  ^  deliqueaoeat 
caystaUme  maas,  Teiy  aolable  in  alodbol,  iuaoloble  in  etlier. 
For  analysis,  the  new  compound  waa  waahed  with  ahacdiite  etiier, 

and  dried  over  sulphuric  add  tit  vacuo,  either  at  the  oommon 

temperature  or  at  40°.  Three  chlorinc-clctcrminations  in  speci- 
inem  oi  dilfereiit  preparatious  led  to  the  formula 

C.allaoPaOCla  =  (C.H.IjPO  f  (CaH,)3PCl^ 

which  repreaenta  an  ozychloride  of  triethyphoq»hine.  The 
dichloride  of  triethylphosphine  cannot  be  finrmed  by  the  action  of 
hydrochloric'acid  apon  the  oxide. 

The  ozychloride  ezhibita  with  other  compoonda  the  deportment 
of  the  oxide.  It  fumiahea  with  dichloride  of  platinnm  the  aame 
platinum-salt  which  ia  obtained  with  the  oxide.  In  a  simitor 
manner  it  gives  with  iodide  of  zinc  the  iodide-of-zinc-compound  of 
the  oxide  previously  described.  Only  once — under  conditious  not 
sharply  enoug^h  observed  at  the  time,  and  which  I  was  afterwards 
unable  to  reproduce  in  repeated  experiments — a  compound  of  the 
oxychloride  with  iodide  of  zinc  was  formed.  This  substance, 
readily  soluble  in  water  and  alcohol,  crystallized  from  the  latter 
solvent  in  beautiful  colourless  transparent  octahedray  which^  on 
analysis,  gave  results^  leading  to  the  formula^ 

CiaHjoPaOCyZnalj,  =  (CjHj3P0,ZnI+  (C^HJjPCljpZnL 

Behaviour  of  TVteihyiphospkme  mtk  Sufphur-compounds. — The 
remarkable  tendency  of  the  phosphorus-baae  to  unite  with  aulphor 
has  already  been  mentioned  in  the  previous  memoir:  the  com- 
bination of  the  two  bodies  ia  attended  with  evolation  of  heat,  the 
reanlt  being  a  beautifnlly  cryetaUine  aubstance, 

C.H„PS  =  (CaH,),PS, 

corresponding  to  the  oxide  of  triethylphosphine. 

This  behaviour  has  induced  me  to  stndy  the  action  of  several 
SYdphur-compounds  on  the  phosphorua-base.  In  the  cases  which  I 
have  examined,  the  ultimate  product  ia  almost  invariably  the 
anlphtde  of  triethylphoaphine,  already  mentioned  aa  seaulting  ficom 
the  direct  oombination  of  the  phoaphorua-baae  with  aolphnr;  bat 
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the  conditions  under  which  this  sulphide  is  produced  vary  con- 
nderably ;  and  in  the  nu^ority  of  cases,  it  occurs  only  as  a  secondary 
product  of  the  deoompositioii  of  other  more  direct  compounds, 
tome  of  which  appeared  to  itfe  snffifikiktly  iutemtiiig  to  deserve 
Bore  miniite  inrestigatkm. 

In  the  eonne  of  tiie  experimmttt  idiidh  I  am  going  to  describe, 
I  }iate  ]ire|»Biied  eomndenble  qaantities  of  tlie  iuli^de  of  triethyl* 
phoepbme.  This  oomponsd,  alfeboi^h  remaikalile  for  the  faciKly 
with  which  it  crystallizes,  is  not  eaiily  prociued  in  vell-fomied 
crystsb.  It  was  only  once  or  twice  that  I  obtained  oiTstals  with 
good  fiBKses.  They  were  examined  by  Qnintino  Selloy  who  com* 
Braaneates  to  me  the  foUowing  resnlte 

"  System  rhombohedric  : — 

100,  111  =  54*^  36'. 

Eorms  observed: —  ; 

101,  2ir,  210  (Kg.  13). 
Combinations  observed  :— 

101,  210  (Fig.  14), 
101,  210;  211. 


At  summer  heat,  the  crystals  are  very  soft  and  flexible ;  they 
may  be  bent  180**  without  breaking.  At  lower  temperatures,  they 
are  liarder  and  much  less  flexible. 

The  crystals  arc  optically  i)ositive.  The  index  of  refraction  for 
the  extraordinary  ray  e=l''65,  and  for  the  ordinary  ray  «s=r59. 

Behaviour  of  THethylphoaphine  with  Sulphuretted  Hydrogen. — 
The  phosphorus-base  has  no  «ction  on  suiphureiied  hydrogen. 
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Wben  it  is  brought  In  ocmtaot  with  hydrosnlphiirie  add  over 
mercnij^  the  gaa  does  not  exhibit  any  slteratum.  No  sulphide  of 
triethylphosphine  is  farmed,  even  in  piesenoe  of  air,  as  Bii|^ 
indeed  have  been  expected.   The  attraction  of  the  i^osphoms- 

base  for  oxygen  prevents  the  oxidation  of  the  sulphuretted 
hydrogen ;  a  solution  of  this  gas  iu  water,  when  mixed  with  a  fear 
drops  of  trictliylphosphine,  may  be  preserved  iu  air-filled  vessels 
much  longer  than  without  this  addition. 

Behaviour  of  Triethylphosphine  with  Sulphide  of  Nitrogen, — 
Sulphide  of  Nitrogen,  N  S,  prepared  as  recommended  by  Fordos 
aiul  (rclis,  viz.,  by  the  action  of  ammonia  on  chloride  of  sulphur 
dissolved  iu  disulphide  of  carbon,  is  decomposed  by  triethylphos- 
phine, with  evolution  of  light  and  heat.  Gas  is  evolved,  and  at 
the  same  time  a  yellowish  liquid  is  produced,  which,  on  cooling, 
solidifies  into  a  fibrous  mass  of  crystals  of  the  sulphide. 

Behaviour  of  THethylphosphine  foith  Mercqptan, — When  these 
two  bodies  are  mixed  together  in  an  atmosphere  of  carbonic  acid, 
no  alteration  tskes  place,  even  if  they  are  left  in  contact  for  some 
time,  or  if  they  are  heated  to  10(f  in  sesled  tubes  for  twenty-four 
hours.  But  if  the  mixture  be  poured  into  an  air-filled  flask, 
crystals  of  sulphide  of  triethylphosphine  make  thdr  appearance  in 
a  few  hours.  The  crystals  increase  if  the  air  has  free  access  to  the 
mixture;  but  if  the  flask  be  corked,  the  crystallisation  is  inter- 
rupted.  On  opening  the  flask,  the  entry  of  the  air  may  be 
recognized  by  the  light  dond  which  the  phosphorus -base,  diffused 
through  the  atmosphere  of  the  vessel,  forms  with  the  oxygen. 
When  a  mixture  containing  excess  of  mercaptan  was  left  for  a  few 
days  in  an  open  flask,  every  trace  of  phos])horu8-base  had  dis- 
appeared, and  the  remaining  colourless  liquid  was  filled  with 
crystals  of  the  sulphide.  On  mixing  this  liquid  with  water,  it 
separated  into  two  layers,  the  upper  of  which  quiekly  solidified, 
especially  on  ex])Osure  to  the  air,  to  an  impei-fcctly  crystalline 
mass,  easily  recognized  as  a  mixture  of  sulphide  of  triethylphos- 
phine with  excess  of  mercaptan.  The  impure  crystals  were 
exposed  for  a  while  to  the  air  and  then  recrystallized  from  boiling 
water,  when,  on  analysis,  they  gave  results  agreeing  with  the 
formula 

CeH„PS=^(C,Hj3PS. 
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The  lower  stratum  of  liquid  is  aqueous  alcohol  coutaiaing  small 
quantities  of  oxide  of  trieth}  Iphosphine  and  mercaptan.  To 
remove  the  latter,  the  liquid  was  shaken  up  with  recently  precipi- 
tated mercuric  oxide  and  distilled.  The  distillate,  rectific  d  several 
times  over  lime,  yielded  a  clear  liquid,  which  burnt  with  a  colour- 
less flame  and  exhibited  all  the  characters  of  alcohol. 

The  interpretation  of  this  result  appears  at  the. first  glance 
exceedingly  simple ;  the  sulphide  of  triethylphosphine  cannot  be 
fonned  directly  from  the  phosphorus-base,  but  owes  its  origin  to 
the  oxide  first  produced  by  the  action  of  air,  this  oxide  being 
deoomposed  by  the  mercaptan  and  yielding  aulphide  of  tnethyU 
'  phoaphine  and  alcohol : 

Experiment  sliows,  however,  that  this  equation  illustrates  only  the 
final  result  of  the  reaction.  Oxide  of  triethylphosphine  and  mer- 
captan, brouglit  together  under  the  most  various  conditions  at 
ordinary  temperatures  and  under  pressure,  do  not  yiehl  a  trace  of 
sulphide  of  triethylphospliinc ;  and  we  have  to  suppose,  therefore, 
that  the  mercaptan  interchanges  its  sulphur  with  the  oxygen  of 
the  oxide  of  triethylphosyiliine,  only  at  the  instant  of  formation  of  the 
latter,  or  what  comes  to  the  same  thing,  that  the  oxygen  of  the  air, 
in  presence  of  a  substance  so  frrredy  of  sulphur  as  triethylphoe- 
phine,  dnrecdy  takes  the  place  of  the  sulphur  in  the  mercaptan. 

In  connection  with  this  subject,  various  attempts  were  made  to 
replace  the  oxygen  in  oxide  of  triethylphoaphine  by  sulphur.  But 
neither  by  treatment  with  sulphide  of  ammonium,  nor  continued 
boOing  with  the  higher  sulphides  of  potassium,  could  the  oxide  be 
converted  into  the  corresponding  sulphide,  whereas  the  conversion 
of  the  sulphide  into  the  oxide  takes  place  without  any  difficulty. 
This,  however,  is  not  more  than  might  have  been  expected  from 
the  behaviour  of  the  oxide  with  hydrochloric  acid,  mentioned  in 
one  of  the  preceding  paragraphs.  The  different  deuces  of 
stability  whicli  characterize  the  oxide  and  the  sulphide  of  tricthyl- 
phospliinc  may  also  be  strikingly  seen  in  the  behaviour  of 
these  compounds  with  sodium,  the  sulphide  bring  rrdured,  with 
the  greatest  facility,  to  free  triethylphosjdiine,  even  below  the 
melting-point  of  the  sodium,  whereas  the  oxide  may  be  distilled 
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firom  lodiaiii  iritiMmt  caqpamndng  tiw  tM^jbM  dtettkn.* 
BbvUitioiL  with  ordiiniy  oonomtniEted  mtno  ac&d  iikeviM  conMartik 
ilw  mlpUde  into  the  oadd«»  Bulplmr  bdsg  at  Ihe  mum  Hmm  • 
transfbvmed  into  snlpharic  acid.  Hint  liquid  fflteeed  off  ham 
precipitiite  ohtained  by  bariimi«4Mdtiy  when  ofapomfced  -to  dryaam 
and  fused  with  nitrate  of  potassium,  yields  no  tether  tarn  of 
sulphur. 

Behaviour  of  Dnethylpho.yyhine  with  Disiilphide  of  Carbm,^ 
These  two  bodies,  when  mixed  in  the  anhydrous  state,  act  upon 
one  another  with  considerable  force,  amounting  frequently  to 
explosive  violence,  and  unite  into  a  red  crystalline  mass.  The  * 
compound  is  best  prepared  by  mixing  the  solutions  of  its  consti- 
tuents in  alcohol  or  ether  :  tlic  new  body  then  instantly  separatee 
in  beautiful  red  crystalline  laminae. 

Several  times  recrystallized  from  alcohol  and  dried  over  sulphuric 
•ddy  the  new  body  has  famished  results  leading  to  the  fonnnl% 

The  red  crystahi  are  not  the  only  prodoct  of  the  aetion  of  diaol* 
.phide  of  carbon  on  triethylphoephine.  A  eaoond  beantilnlly 
oryatalliied  compound  is  deposited  after  aome  time  firam  the 
mother-liqnor.  Thia  anbatanoe  ia  formed  in  extremely  minnte 
quantity :  its  nature  ia  not  yet  eataUiahed. 

The  compound  of  trietfaylphosphine  with  diaolphide  of  carbon  ia 
insdnble  in  water,  sparingly  soluble  Jn  ether,  moderately  soluble 
in  diflulphide  of  carbon,  and  somewhat  more  soluble  in  alcohol, 
especially  when  heated.  The  solution  has  no  action  on  vegetable 
colours.  From  tlic  boiling  alcoliolic  solution,  it  separates  on  cool- 
in  red  needles,  somewhat  resembling  the  crystals  ot  chromic  acid, 
which  arc  formed  by  the  action  of  strong  sulphuric  acid  on  a  solu- 
tion of  chromate  of  potassium.  The  ethcj-eal  solution,  left  to 
evaporate  in  an  open  cylinder,  deposits  finely  developed,  deep-red 
crystals  of  considerable  size.  Quintino  Sella  has  examined  these 
crystals  with  the  following  results. 

*  In  the  previous  memoir,  it  is  ptated  that  the  phosphorus  bawj  h  reproduced  from 
the  oxide  bj  the  action  of  metallic  sodium.  Probably  the  oxide  used  in  the  former 
«cp«rl]ii«nta  contained  a  gmall  qouitilty  of  ftM  trietbylphosphine,  and  thus  led  to 
BW  fnifaiMni  ntstitmiii- 
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"  System  monoclinic  : — 
.  J  00,  101 «  29°  414'  1  010,  ill  =  74**  4' ;  101, 001  =  27°  7i'. 

Forms  obaepred : — 

100,  010,  001,  110,  101  |;Fig.  15.) 

([Joqibipatioas  observed : — 

100,  110,  001,  101  (Fig.  16.) 
100,  llQf  001,  101, 010  (fi^.  17.) 


II.  Vis*  10.  Itg;17. 


Cleavages  : — 010,  100,  neat  and  easy. 

The  crystals  are  optically  positive :  the  medium-line  coincides 
with  the  axis  of  symmetry  [010].  The  interior  ani^le  of  the 
optical  axes  is  not  very  different  from  70**.  The  plane  of  the 
optical  axes  is  nearly  parallel  to  the  face  001.  The  axis  of  sym- 
metry, or  of  smallest  elasticity,  exhibits  a  nolet-red  colour,  which 
even  in  very  thin  layers  is  very  intense.  The  axis  nearly  parallel 
to  [100],  or  the  axis  of  greatest  elasticity,  exhibits  a  similar  but 

*  much  lighter  red  tint.  The  normal  shows  in  thin  layers  a  straw- 
yettoiir,  ia  thicker  layers  sn  onmge-ydlow  colour.  In  penalised 
Ulfiit,  one  of  the  most  beautiful  examples  of  dichroism  is  observed  by 
looting  across  the  ftees  010,  the  colour  pssaing  in  the  case  of  thin 
layers  fiom  a  pare  yellow  to  a  deep  red.  But  even  m  ttrdmary 
light  the  dichroism  is  perceptible;  fsr  the  lig^t  pssses  with  a 
Tiolefc-cpd  across  the  heet  100,  and  with  an  orange*red  colour  of 
6r  lem  intemdty  across  the  feces  010. 
^  Hardness  less  tiian  lliat  of  gypemn.'^ 

The  red  crystals  appear  to  possess  the  character  of  a  weak  base. 
They  dissolve  in  strong  hydrochloric  acid,  forming  a  colourless 
liquid,  from  which  potassa  or  ammonia  throws  down  the  com- 

^pound  in  its  original  state,  though  somewhat  lighter  in  colour,  on 

TOL.  XIII.  ^  X 
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aooount  of  its  minute  state  of  dLvinon.  The  acid  Mlutkm  fimu 
with  dichloride  of  platinam  a  light  yellow  amorphoiis  aalt,  in<* 
aolable  in  alcohol  and  ether^  which  changes  odour  and  aomewhaft 
deoompoaea  on  drying.  It  daikena  in  colour^  even  when  dried  m 
vacuo,  hydrochloric  add  fiunea  bdng  evdved.  The  analysis  of  a 
slightly  decomposed  salt  gave  results  approximately  agreeing  with 
the  formula, 

(C,  H    P,  CSj,  H  CI,  PtCly 

The  gold-salt  is  obtained  like  the  platinmn-saltj  and  exhibits 
similar  properties. 

It  is  not  very  easy  to  form  a  clear  notion  of  the  constitution  of 
the  red  crystals.  According  to  the  formula,  the  compound  ia  the 
primary  triethylphosphonium-aalt  of  anilphocarbonic  acid  minus  1 
equiy.  of  sulphuretted  hydrogen,  and  corresponds  therefore  to  aul- 
phocarbamic  acid,  the  ammonium  salt  of  which,  as  is  well  known, 
is  produced  by  the  action  of  ammonia  on  disulphide  of  cari)on. 
There  is,  however,  no  analogy  in  the  oonatitntion  of  the  two 
substances. 

The  red  crystals  exhibit  a  remarkable  tendency  to  pass  into  tiie 
sulphide  of  triethylphosphine.  On  mixing  their  alcoholic  aohiticm 
with  oxide  or  nitrate  of  silver,  carbonic  acid  is  evolved,  so^hide  of 
•ilver  and  metallic  silver  are  separated,  and  the  filtmd  aolutioD, 
when  evaporated,  deposits  crystals  of  the  sulphide : 

(Ca  H,)3  P,CSa  +  2Ag,0  =  Ag,  S+Ag,+CO.+  (C^U^^  PS. 

The  disulphide-of-carbon*compound  undergoes  a  similar  change, 
even  under  the  influence  of  moisture.    Crystals  which  had  not 

been  dried  with  sufficient  care,  were  changed,  after  a  few  months, 
when  kept  in  corked  tubes,  into  a  yellowish  white,  semifluid  mass, 
of  peculiar  odour,  which,  by  recrystallization  from  boiling  water, 
furnished  a  considerable  quantity  of  pure  sulphide  of  triethylph(M- 
phinc.  To  est;i1)lish  this  transformation  by  numbers,  the  purifled 
crystals  were  identified  by  analysis. 

It  is  obnous  that  the  transformation  of  tlic  red  crystals  into  the 
sulphide  involves  the  co-operation  of  tlie  elements  of  water.  Per- 
fectly dry  crystals  were  preserved  in  sealed  tubes  for  many  months 
without  the  slightest  alteration.  The  crystals  fuse  at  95°  and 
Tolatiliae  at  100°;  in  the  absence  of  moisture,  th^  may  be  heated^ 


'  HI8T0BT  OV  TBB  PflOBPHOmT»-BA8ia  807 


under  pmsore  to  150*  withoat  imdej^ioiiig  any  deooiDpcMition. 
*  The  plienomenft-  aie  Teiy  diflBarent  in  the  pieaenoe  of  water.  When 
e^oeed  for  some  days  in  sealed  tabee  with  water  to  a  temperatuze 
of  100",  the  red  crystals  are  gradually  transformed  into  white 
needles^  which  are  easily  recognized  as  sulphide  of  triethylphos- 
phine.  The  transformation  is  independent  of  atmo^heric  air :  for 
it  takes  place  with  equal  fociliiy  in  yessek  with  air,  or  carbonic 
acid,  or  in  vacuo. 

The  products  which  accompany  the  sulphide  formed  in  this 
reaction  vary  according  to  the  time  during  which  the  red  crystals 
are  digested  with  water.    If  the  tubes  be  allowed  to  cool  after  one 
or  two  days*  digestion,  the  liquid  generally  becomes  filled  with 
white  needles,  which  are,  however,  still  intermixed  with  red  prisms, 
showing  that  the  transformation  is  not  yet  complete.  Scarcely 
any  gas  escapes  when  the  tubes  are  opened,  but  when  gently 
heated,  the  liquid  yields  abundance  of  disulphide  of  carbon.  On 
the  other  hand,  when  the  tubes  are  heated  until  the  transfor- 
mation of  the  red  componnd  is  accomplished, — which  generally 
takes  place  after  three  or  four  days'  digestion,— a  large  volume  of 
gas  escapes  on  opening  the  tubes,  and  thej  are  occasionally  shattered. 
The  gas  which  is  thus  evolved  consists  of  sulphuretted  hydrogen 
and  carbonic  acid,  which  are  obviously  secondary  products  of  the 
reaction,  arising  from  the  protracted  action  of  the  water  upon  the 
disulphide  of  carbon,  which  is  separated  in  the  first  stage  of  the 
process.  The  liquid  from  which  the  crystals  of  sulphide  have  been 
deposited  has  a  distinctly  alkaline  reaction,  which  belongs  neither 
to  the  sulphide  nor  to  tiie  red  crystals  from  which  the  sulphide 
arises,  both  these  oompounds  being  without  action  on  vegetable 
colours.   To  seize  the  basic  substance,  the  liquid  was  evaporated 
on  the  water-bath,  till  the  sulphide  had  been  as  far  as  possible 
expelled,  and  then  precipitated  with  iodide  of  zinc,  whicli  does  not 
combine  with  the  sulphide,  traces  of  this  body  which  might  have 
remained,  being  in  this  manner  eliminated.    The  iodide-of-zino- 
precipitate  was  semisolid,  and  slowly  became  crystalline  on  treat- 
ment with  alcohol ;  it  did  not,  however,  exhibit  a  sufficiently  detiuite 
appearance  to  warrant  its  analysis.     The  bases  were  therefore 
at  once  liberated  again  1)y  dit^esting  the  precipitate  with  oxide  of 
silver;  the  powerfully  alkaline  liquid  thus  obtained  gave,  on  addi- 
tion of  hydrochloric  acid  and  dichloride  of  platinum,  a  difficultly 
solable  platinum-salt,  crystalliaing,  after  the  necessary  purificatkiD, 
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from  boiling  water,  in  splendid  octohedra^  which  on  amUyiis  plowed 
to  be  the  methyl-triethylphosphonium-com pound. 

The  solution  filtered  off  from  the  octohedral  salt  gaye,  on  erapo- 
ration,  the  extremely  solulile  nx-sided  tables  of  the  platinnm-aalt 
of  onde  of  triethylphowphme,  mlagk  I  hm  meatioiied  im  the 
oommeBcement  of  this  paper. 

The  products  of  the  action  of  water  npoa  jfche  red  cirjritaJflj 
are  sulphide  of  trietiijlphoaphine— the  principal  prodaeknHudjle  of 
tried^jrl^MMiphine,  l^diate  of  mtA^HrkfliylphMphmiiimi,  and 
disulphide  of  oarlxNii  whieh  may  he  partiy  or  entirely  ooimrted 
into  sulphaictted  hydrogen  and  cnrhonic  aeid.  Voor  lolegnlce  of 
tfce  disoIphide^HiarhoinpOompoaiid  and  two  mdleciilee  of  wader 
eoataan  tiie  elementi  of  two  moleoalee  of  iiw  aolphidfl^  one  molo- 
oole  of  the  oxide,  one  moleeole  of  the  hydrated  phoephoniwBi^  and 
three  molecolea  of  disulphide  of  oarbon : 

4[(CaHj,P-CSJ  +  2        O]  =  2[(C,H.),PS]  +  (C^q^gPO  + 

Whilst  engaged  with  the  experiments  involved  in  the  elucida- 
tion of  this  subject;  I  observed  occasionally  small  weU-defined 
yellow  crystals  disseminated  among  the  mixture  of  white  and  red 
needles,  which  are  deposited  when  the  digestion-tubes  are  allowed 
to  cool,  before  the  transformation  is  terminated.  The  yellow 
crystals  appeared  in  greater  quantity  towards  the  dose  of  the 
operationj  and  were  found  to  be  a  aeoondary  prodnet  formed  by 
the  action  of  the  sulphiiiettod  hydrogen,  whioh  ia  generated  in  the 
last  stage  of  the  prooeas.  I  haye  ainoe  learnt  to  prepare  tlw 
yellow  crystals  by  a  simpler  and  more  definite  method.  This 
remarkable  compound  has  become  the  starting-point  of  a  acsr 
enquiry,  the  reanlt  of  which  I  reserve  fn  a  later  communication. 

The  formation  of  the  red  crystals  by  the  muon  triethylphoa- 
phine  and  disnlphide  of  carbon  takes  place  so  rapidly,  and  with 
■aeh  fociiity,  that  ever  since  the  first  time  I  observed  this 
phenomenon,  I  have  used  the  disulphide  of  carbon  as  a  reagent  for 
the  detection  of  the  pliosphorus-bases :  for  triraethylphosphine 
exliibits  a  deportment  perfectly  similar  to  that  of  the  ethyl-body. 
The  minutest  quantities  of  these  bases  may  thus  be  rea4iiy  and 
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safely  recognized.  The  reaction  is  best  observed  by  pouring  the 
Hquid  to  be  examined  npon  a  watch-glass^  and  allowing  the  vapour 
of  the  disulphide  of  carbon  to  flow  from  an  inolitted  bottle  upon  the 
Hquid.  The  watch-glass  immediately  becomes  oosted  with  a  beauti* 
fill  net- work  of  the  led  eiyitak«  It  requires  scarcely  to  be  men-^ 
Imed  HuA  the  crysttls  vfe  Ibniied  oiily  when  the  phosphonuk 
hiuMi  are  ftee.  Thity  appearj,  howeTer,  readily  en  adding  to  e 
ttnztore  of  their  Mils  and  dSralphide  of  eai^boiij  a  drop  of  potarii, 
«hioh.l9Mfaiea  the  haaes. 

On  the  itHthm  hind,  triethylphosphine  nia3^  be  employed  irith  fhtf 
greatesl  adfaatage  as  A  test  foot  diralj^de  carbon.  There  is,  in 
iMt|  n0  test  fat  thissabsiaince!»  whiehin  delicM^eonld  be  compared 
with  it.  By  its  aid  the  presence  of  the  disolphide  in  the  meet 
fOlaHie  fractions  of  coal-tar-benzol  is  readily  proTcd;  even  the 
exceedingly  small  quantity  of  diaulphide  of  carbon  diffused  in  the 
most  carefully  purified  coal-gas  may,  as  I  have  shown  already  in 
another  place,*  be  recognized  without  any  difficulty. 

In  order  to  satisfy  myself  that  disulphide  of  carbon  may  be 
employed  with  safety  as  a  test  for  the  phosphorus-bases,  it  was 
necessary  to  examine  the  deportment  of  this  compound  with  the 
arnnes  and  stibines.  Bisulphide  of  carbon  exhibits  no  reaction 
Irith  tHethylarsme  and  triethylstibine,  I  have  left  mixtures  of 
these  bases  with  the  disulphide  in  contact  for  a  considerable  length 
of  time,  both  at  the  coaunon  temperature  and  at  100°,  without 
being  able  to  observe  the  slightest  alteration.  I  have  also  satisfied 
mysetf  iha*  disulphide  ef  earbon^  at  all  events  in  the  common 
t«DBpBS)Mn^- is  witheni  action  upon  jiAoig^Aof^M 


In  examining  somewhat  minutely  into  the  deportment  of 
triethylphosphine  with  sulphur-compounds,  the  organic  sulphocya- 
nates  could  not  be  left  unnoticed.  My  attention  was  in  the  first 
place  fixed  by  the  sulphocyanate  of  phenyl,  which  I  had  just  dis- 
covered at  the  time  X  was  engaged  in  the  study  of  these  reactions. 

Action  of  Sulphocyanate  of  Phenyl  iqnm  Triethylphoaphine,  The 
reaction  between  the  two  substaneea  in  the  anhydroos  state  is  very 

*  Quarter^  Jonnwl  of  the  Chemical  Societjr,  vol.  xiiL.  p.  87. 
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violent,  and  frcqncntly  causes  the  iuflammation  of  the  phosphorus- 
base.  The  mixture  assumes  a  deep-yellow  colour,  and  on  cooling 
dep(^its  sometimes  splendid  uranium- yellow  needles  ;  often,  how- 
ever, it  remains  liquid  for  hours,  and  even  for  days,  but  suddenly 
solidifies,  when  touched  with  a  glass  rod,  into  a  hard  yellow 
crystalline  mass.  The  new  compound  is  most  conveniently  pre- 
pared by  allowing  the  sulphocyanate  to  act  upon  the  triethyl- 
phosj)liiue  in  the  presence  of  a  considerable  volume  of  ether.  The 
product  of  the  reaction,  being  dithcultly  soluble  iu  cold  ether,  often 
separates  in  the  orystalline  state,  more  frequently  as  an  oil^  which 
■olidiiies  after  tome  time.  In  order  to  ensure  perfect  parity,  it  ii 
only  necessary  to  cryataUise  the  compound  once  or  twice  from 
boiling  ether. 

The  numbers  obtained  in  analysis  characterize  the  new  body  as 
a  combination  of  one  molecule  of  triethylphosphine  with  one 
molecule  of  snlpboqy anate  of  phenyl : 

The  above  formula  is  fully  corroborated  by  the  analjrais  of  several 
well-defined  salts,  which  will  be  mentioned  presently. 

The  yellow  crystals  are  insoluble  in  water.  Alcohol,  both  cold 
and  hot,  dissolves  them  in  almost  every  proportion.  The  best 
crystals  were  obtained  by  the  spontaneous  evaporation  of  the 
ethereal  solution  in  high  open  cylinders.  Some  of  these  crystals 
were  so  well  developed,  that  Quintino  Sella  was  enabled  to  sub- 
mit them  to  a  detailed  ciystallographic  examination^  an  abstract  of 
which  I  here  insert 

"  System  monoclinic :— • 
100,  001  =  61^  2';  010,  llO=sU'*  ftT. 

Forms  observed: — 

100,  010,  001,  110  (fig.  18). 

Combinations  observed 
110,001  (Fig.  19). 
110,  100,  001  (Fig.  20). 
110,001;  100,010  (Fig.  21). 


Digitized  by  Coogle 


mSIORT  OF  TBI  VHOSPHOBUB*>BASBS.  811 


fig.  Id. 
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Fig.  SO. 


Wis,  91, 


■ 

1  I 


Cleavage  100  easy;  cleavage  110  fibrous. 
Hardness  nearly  that  of  gypsum. 

If  we  endeavour  to  associate  this  compound  with  well-known 
bodies,  in  order  to  obtain  some  insight  into  the  probable  arrange- 
ment of  its  proximate  constituents,  both  its  formation  and  its 
deportment  point  to  urea.  Urea  is  generated  by  the  combination 
of  ammonia  and  cyanic  acid ;  the  yellow  crystals  are  formed  by 
the  union  of  two  compounds  derived  respectively  from  ammonia 
and  cyanic  acid.  In  urea  the  faculty  posaeased  by  ammonia  of 
oombfaiiiig  with  acids  has  been  preserved;  the  new  compoand 
likewise  exliibits  the  sharply  defined  characters  of  a  monacid  base. 
Whatever  oonstitation  be  attributed  to  urea,  must  also  be  ftWim^ 
lor  the  new  biuie.  If  urea  be  viewed  as  a  moiuusid  diamine^ 


(CO)-) 


the  yellow  crystab  present  themselves  as 


The  new  compound  accordingly  belongs  to  the  type  nrca  :  it 
may  be  viewed  as  ordinary  urea,  the  oxygen  of  which  is  replaced 
by  sulphur,  and  the  hydrogen  by  ethyl  and  phenyl,  whilst 
phoaphorua  has  taken  the  place  of  half  the  nitrogen.  Regarded 
from  this  point  of  view,  the  formation  of  the  new  oomponnd 
preienta  oonaiderable  interests  it  offers  the  first  example  of 


Digitized  by  Google 


312  DK.  HOFMikNM'S  CONTRIBUTIONS  TO  THB 


the  perfect  substitution  of  the  hydrogen  in  urea,  which  had 
remained  doubtful  hitherto,  and  ilhistratcs  in  a  remarkable  man- 
ner tlie  persistence  of  the  type  urea  under  tlic  influence  of  an 
almost  overwhehning  substitution.  At  the  same  time  it  deserves 
to  be  noticed  that  the  corresponding  oxygenated  urea  remains  to 
be  discovered. 

The  new  compound,  as  already  mentioned,  possesses  the 
properties  of  a  well-defined  organic  base.  Insoluble  in  water, 
it  dissolves  with  the  greatest  facility  even  in  very  diluted  acids, 
giving  rise  in  many  cases  to  easily-crystallizable  salts  which  are 
capable  of  dou])le  decomposition,  and  from  which  the  base  may  be 
reprecipitated  by  the  careftil  addition  of  potassa  or  ammonia. 

Chloride. — The  solution  of  the  phenyl-compound  in  warm  con- 
centrated hydrochloric  acid  solidifies  on  cooling  to  a  crystalline 
mass,  whicli,  when  recrystailize<l  from  moderately  warm  water, 
furnishes  splendid  cadmium-yellow  crystals,  frequently  an  inch  in 
length.  Boiling  water  has  to  be  avoided,  since  it  decomposes  the 
substance.  Even  the  dry  crystals  are  altered  at  100°;  they  must 
therefore,  like  all  the  other  salts  of  the  base,  be  dried  tJi  vactto  over 
sulphuric  acid. 

The  chloride  is  composed  according  to  the  formula 

r  (CS)"  T  T 

L  (C,HJ(C,HjJ  J 


.—Both  m  preparation  and  properitiei^  preciiely  mmilar 
to  the  salt  previoaBly  mentioned.   It  oontainB 


C,3HaiNPSBr  = 


L  (C2H,)(CeU,)J  J 


S-Nplfirb 


Flatinum-salt. — The  solution  of  the  chloride  furnishes  with 
dichloride  of  platinum  a  light-yellow  crj'stalline  precipitate. 
Dilute  solutions  slowly  deposit  this  salt  in  somewhat  better-formed 
crystals,  winch  are  frequently  grouped  in  lily -shaped  aggregations* 
It  was  found  to  contain 

C„H„NP8PtCI,«   H(C,H,),         ^NP  Cl,PtCl- 
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1 4ad  not  mtooeed  in  preparing  tlie  siilphAte  or  the  akrate  of  the 
bsM.  The  phenyl-oompoimd  m  rapidly  deoompoied  nnder  the 
mfluanee  1li«ae  aoids ;  it  tanna»,  however,  beeatifiilly  crystilllifled 
salii  with  the  iodides  of  awthyl  and  ethyL  I  hefe  enmined  esly 
the  former  of  these  oompoonds, 

l9dUb^*Methyl'C<mp<nuuLr^'Whm  iodide  of  mettiyl  is  potwed 
ittto  an  ethereal  aolvtionof  the  nresx  the  new  oompoai^  ii  al  onee 
aepanted  as  a  heavy  oil  whieh  rapidty  solidiftes  into  a  crystsUine 
mass.  The  crystals  dissolye  in  boiling  water  which  on  eoolisip 
deposits  the  iodide  in  splendid  needles  of  a  golden-yellow  colour. 

These  crystals  coutain 

CnH^NPSIm   (CH3)(C,II,),        ^  NP  I. 

nUkmm^U  of  the  Methifl^fon^iMmnd. — The  chloride  obtained 
hy  treating  the  iodide  with  cUoride  of  silver,  yields  on  addition 
of  Chloride  of  platinnm,  an  adcnlar  platinnm^sslt,  which  be 
recrystaOised  withont  decomposition  from  boiling  water.  Its 

composition  corresponds  to  that  of  the  iodide : 

r  >  1 

C„H-NPSPtCL=  (CHJ(C,H.),        V  NP  Cl,PtCL. 

L        IC.HJ(C,HJ)  J 

The  iodide,  when  treated  with  oxide  of  silver,  fiirnishes,  together 
with  iodide  of  silver,  a  very  eaustie  liquid  containing  the  corre- 
sponding oxide.    The  presence  in  this  liquid  of  the  compound^ 

C,«H«N  P S  O  =  t(C  H3)  { (C  S)"(C,H,),(C A)N  P]  7 

is  proved  by  the  fact  of  the  characteristic  needle-shaped  platinum- 
salt  being  immediately  reproduced  when  it  is  saturated  with 
hydrochloric  acid  and  mixed  with  dichloride  of  platinum.  The 
free  base  is,  however,  readily  decomposed.  On  boiling,  the  odour 
of  sulphocyanate  of  phenyl  becomes  at  once  perceptible;  if  ebulli- 
tion be  continued  until  the  odour  has  disi^peared,  addition  of 
hydrochloric  acid  and  dichloride  of  platinum  no  longer  furnishes 
the  difficol^  soluble  needles.  In  their  plaee,  laige  well-developed 
orange-yeDow  octahedra  are  deposited  on  evaporation^  which  bj 
anafysii  weM  found  to  be  the  pUtnunn-aalt  of  methyl-triethyl- 
]^hot^ioiiiiitn» 
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The  free  methylated  phenyl-base  thea  timply  splits^  by  ebnlti- 
tion,  into  sulphoeyanate  of  phenyl  and  oxide  of  methyl-triethyl- 
phoaphomam.  When  the  solution  is  boiled  by  itaelf,  the  anlpho* 
<^yaiiate  ia  a^arated  aa  raeh ;  when  it  ia  bmled  in  the  preaenoe  of 
oxide  of  ailTer,  the  aolphocyanate  ia,  partly  at  leaat,  deatioyed«  the 
aUraline  adution  becoming  amd  and  exhibiting  the  preaenoe  of 
oonaiderable  quantitiea  of  anlphviie  add.  Thia  tranafivmatuni 
dearly  ahowa  bow'  &ddy  the  proximate  oonatitoenta  are  held 
together  in  the  urea.  The  aame  inatabilitj  ia  peioeptible  in  the 
general  deportment  of  the  compound.  Even  extremely  dilute 
nitric  add  liberatea  the  sulphocyanate  of  phenyl^  whilat  the 
phosphorus-base  is  converted  into  the  oxide.  The  chloride  is  one 
of  the  more  stable  salts  of  the  urea,  but  it  ia  likewise  readily 
altered  :  on  addition  of  a  large  quantity  of  water,  the  solution  of 
the  salt  becomes  milky,  the  sulphocyanate  of  phenyl  being  sepa- 
rated in  oily  globules,  and  now  contains  the  chloride  of  triethyl- 
phosphonium.  On  adding  ammonia  to  the  concentrated  solution 
of  the  chloride,  the  urea,  as  already  stated,  is  separated  with- 
out  change,  and  may  be  easily  recovered  by  taking  up  with 
ether  and  crystallizing.  If,  on  the  other  hand,  the  dilute  solution 
be  boiled  with  ammonia,  the  turbidity  |)erceptible  in  the  com- 
mencement disappears  again,  and  after  a  few  moments  beautiful 
crystals  of  phenyl-sulphocarbamide  are  deposited,  tricthylphos- 
phine  being  simultaneously  liberated : 

(CS)"  (CS)"  ') 

(C,H  J  )  H,  i  . 

On  treating  the  chloride  with  potassa,  phenomena  exactly 
analogous  are  observed;  the  crystals  which  are  separated,  are, 
however^  d^henyl-^phocarbamide : 

(CS)"  ) 
H,  ) 

Tf  a  few  drops  of  disulphiilc  of  carbon  be  added  to  tbc  RoUition 
of  the  urea,  the  liquid,  when  gently  heated,  assumes  a  deep  red 
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coloiir,  and  deposits  on  cooliuir  the  beautiful  ruby-red  crystals 
(C2H3),^P,CS._2,  which  I  have  mentioned  m  a  previous  paraf]:;raph  of 
this  paper.  The  mother-liquor  of  these  crystals  furnishes  oa 
eraporation  oily  droplets  q£  sulphocjanate  of  phenyl.  The  urea, 
efen  when  perfectly  pure  and  dry,  cannot  be  preserved  without 
undergoing  a  gradual  alteration.  If  the  CKystals  be  left  under  a 
bell-jar  containing  atmoBpheric  air,  they  become  dull,  and  at  last 
moist  and  sticky,  whilst  a  peculiar  extremely  disagreeable  odour, 
distai&tLjr  resemblmg  that  of  hydrocyanic  add,  becomes  pefcepti- 
ble ;  at  the  same  time,  a  delicate  net-work  of  fine  needles  begins 
to  iq^pear  on  the  glass,  easily  recognised  as  sulphide  of  trietiiyl- 
phosphine.  The  crystab  of  the  urea  fuse  at  67^*5,  forming  a 
yeOow  liquid,  which,  in  consequence  of  incipient  decomposition, 
resolidifies  but  slowly  and  imperfectly.  At  100%  the  phenomena 
jnst  mentioned  sre  much  more  distinctly  observed,  and  espedsDy 
the  smelling  body  is  nnmistakeably  percmTcd.  The  peculiar 
smelling  body  is  likewise  almost  overwhelmingly  produced  on 
evaporating  the  ethereal  mother-liquor  of  tlic  compound.  As  yet 
I  have  not  been  able  to  lay  liold  of  the  possessor  of  this  remark- 
able odour.  The  ethereal  mother-liquor,  when  evaporated,  leaves 
a  brown  syrup,  which  after  some  time  deposits  large  crystals  of 
sulphide  of  triethylphosphine.  Submitted  to  distillation,  this 
residue  yields,  together  with  other  products,  an  additional  quantity 
of  the  cr\^stallized  sulphur-compound. 

Transformations  precisely  similar  are  observed  when  the  crystals 
of  the  urea,  in  sealed  tubes,  are  exposed  to  a  temperature  of  from 
15(f  to  160^.  The  brown  fused  mass  which  is  thus  formed, 
solidifies  on  cooling  with  crystalline  structure ;  the  crystals,  how- 
ever, are  no  longer  the  original  compound,  but  sulphide  of  triethyl- 
phosphine, which  is  surrounded  by  another  substance.  The 
examination  of  this  reaction  has  not  yet  been  completed.  The 
nature  of  the  final  product  of  the  metsmoiphosis  may,  however, 
be  anticipated,  in  some  measure,  by  the  results  obtsinedin  stuping 
the  deportment  of  triethylphosphine  miikwlphocffanaie  ethyl  and 
9ulflhocyanate  of  ethylene,  which  will  be  briefly  mentioned  in  some 
of  the  following  paragraphs. 

Action  of  Sulphoofanate  of  Allyl  upon  DriethylphospMne. — ^To 
generalize  the  relations  established  in  the  preceding  paragraph,  I 
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was  induced  to  examine  the  deportment  of  the  phosphorus- base 
with  oil  of  mustard.  The  two  bodies  act  upou  each  other  with 
extraordinary  violence;  the  mixture  turns  brown,  but  does  not 
solidify  either  by  cooling  or  by  ap^tation.  After  some  days,  how- 
ever, the  syrup  yields  brown  crystals  which  are  diHicult  to  purify. 
The  purification  of  the  compound  succeeds,  however,  without  anjr 
difficulty  when  the  reaction  it  allowed  to  tako  place  in  ether.  In, 
this  manner  a  crystalline  mass  is  mmty  obtained^  Whidi  reqnirea 
onlf  to  be  washed  with  cold  etlMr^  mid  thai  oneo  jmaTataUMd- 
froBi  boihiig  atlier* 
It  kM  the  Ibrnmhs 

(CSV  ) 

(C,HJCC,HJ) 

The  allyl'Coropoand  behaves  in  all  respects  like  the  phenyl-com* 
pound.  It  is  insoluble  in  water^  bat  eaaUy  soluble  in  alcohol;  the 
solution  htm  a  faintly  alkaline  reaotkni(  It  fiisea  at  68*"  and 
solidifies  at  61°.  At  a  bif^ier  temperature^  it  ia  deoompofled 
exactly  like  the  phenyl-compoimd.  In  this  case  akoi  a  peculiar^ 
and  if  pbssiUe^  atUl  more  leptiLuye  odoor  is  evolved^  wlule  orystala 
of  Bolphide  of  triediylpbospbiDe  lepaiate  m  laige  quantity. 

The  allyl-componiid  oystaUiies  with  extnordanavy 
Tbm  ia  no  difScnlty  in  obtaining  it  in  ooloiurlesa  trabspavait 
crystds  lialf  an  inob  in  length,  and  perfectly  de?ek^ed  on  all 
■ides.  I  soazedy  remember  any  other  organie  eompoond  that 
iSrystalliaes  to  readily.  The  crystals,  as  appears  from  the  measure- 
ments of  Quintino  Sella,  are  isomorphous  with  those  of  the 

phenyl-compouud.  Sella  has  com- 
municated to  me  the  following  details 
respecting  hit  examination. 


System  monoclinic : — 

010^111  s  80° 

Forma  obterred 

100,  001, 110,  101,  201j  112  (Fig.  22). 
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Sir 


Combinations  observed:— 

QOI^  100,  lip  (Fjg.  d3], 
001,  101,  110  (Fig.  24). 
100,  001, 101,  110  (Fig.  2&). 
100, 001,  lOl,  110, 1l2  (Fig.  20). 

100, 001, 101,  }10/Z()l,  112  (Fig.  27). 

Vig.94. 


The  form  112  »  Kiiiietimflv  hemiliednL 
OeaTBgeB  100  and  001  neat,  eaaj. 

Vig.  26. 


The  optical  axes  are  situated  in  the  plane  of  symmetry,  viz.,  QIC ; 
their  principal  medium  is  perpendicular  to  101,  and  their  internal 
angle  is  about  72^°.  The  index  of  refraction  of  the  ray  yibratmg 
parallel  to  the  axis  of  symmetry  is  /9  =  1'657* 

Hard^eas  lesa  than  that  of  gypsum." 
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Pkamim'§aU.'-J  hm  contented  myaelf  with  ymfymg  the 
fonnnla  of  the  aUyUnrea  hy  the  analjaB  of  the  pktumm-Balt. 
Tb»  »]lyl-ooinpoimd  dimoWes  readily  in  hydrocUorie  acid«  and  the 
tdlation^  when  mixed  with  dicUoride  of  pUtinnm^  yidda  a  light- 
ydbw  icaly  precipitate  having  a  silky  Inatre!,  which  fiuea  to  a 
yellow  oil  in  hoiling  water,  and  is  xepreiented  hy  the  fimnnla^ 


The  allyl-baae  described  in  the  preceding  pages  haa  the  compo- 
sition of  solphocyanide  of  triethyl-aliylphosphonium. 


I  felt  some  interest  in  comparing  the  latter  compound  with  the 
allyl-l)asc.  Iodide  of  allyl  acts  witli  the  greatest  energy  upon 
triethylphosphiue.  The  solid  product  of  the  rcactiou,  rccrystallized 
from  alcoholj  famishes  splendid  needles  of  iodide  of  triethyl* 


Treatment  with  chloride  and  oxide  of  silver  yields  the  cor> 
responding  chloride  and  hydrate.  They  resemble  in  every  respect 
the  tetrethylphosphoninm-compounds.  The  chloride  gives  with 
dichloride  of  platinum  an  easily  crystallisable  octohedral  platinum- 
salt. 

The  hydrate  of  triethyl-allylphosphoninm  forms  with  hydrosul- 
phocyanic  acid  a  difficultly  crystallisable  salt  which  is  easily 
soluble  in  water,  anddtlFers,  as  might  have  been  expected,  entirely 
from  the  allyl-base  which  haa  the  same  composition. 

Behaviour  of  Triethylp7io»phine  tffUh  the  SulphocymuUei  of  Ethyl 
and  Ethylene. — I  have  in  vain  endeavoured  to  produce,  by  the 
action  ot  tricthylphosphine  on  the  sulphocyanates  of  methyl,  ethyl, 
ami  auiyl,  compound  ureas  analogous  to  the  allyl-  and  phenyl- 
bodies.  It  is  true  that  these  substances  act  upon  triethylphosphiue 
even  at  ordinary  temperatures ;  in  the  case  of  sulphocyanate  of 


(CS) 
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methyl,  indeed,  tLe  action  is  very  brisk,  but  I  did  not  succeed  in 
obtaining  definite  compounds.  Sulphocyanate  of  ethyl  remained 
for  months  in  contact  with  triethylphoq^hine  without  depo- 
ritiiig  any  crystalliae  oompoimd.  The  non-prodnction  of  these 
ureas  cannoty  however^  excite  surprise,  if  we  remember  in  how 
many  retpecti^  and  especially  in  the  relation  to  ammonia,  the 
aolphocyanogen-componnds  of  ethyl  and  its  homologaes  differ 
from  those  of  aUyl  and  phenyl. 

When  a  miztare  of  triethylphosphine  and  one  of  the  .abore- 
mentioned  snlphocyanates  is  heated  for  some  hows  in  a  sealed 
tube  to  100^  an  abuidant  crop  of  erystak  of  sulphide  of  triedi^* 
pboephine  is  deposited  from  the  liquid*  These  erystak  are  snr- 
rounded  by  a  brown  Tisoid  substance,  soluble  to  a  oertain  extent  in 
water,  earily  soluble  with  green  colour  in  alcohol.  In  order  to 
disentangle  from  this  mixture  the  complementary  product  of  the 
reaction,  the  liquor  was  shaken  with  ether  to  separate  the  sulphide, 
evaporated  with  an  excess  of  hydrochloric  acid,  and  the  residue 
redissolvcd  in  water,  when  a  quantity  of  the  brown  impurities 
remained  insoluble.  The  filtered  solution  gave  with  trichloride  of 
gold  a  dingy  yellow  precipitate,  which,  by  treatment  with  sul- 
phuretted hydrogen,  reprecipitation  of  the  separated  chloride  by 
trichloride  of  gold,  &c.,  ultimately  assumed  the  characters  of  the 
pure  gold-salt  of  triethylphosphonium  which  was  identified  by 
analysis.  The  beautifully  orange-yellow  platinum-salt  was  likewise 
analysed. 

The  action  of  sulphocyanate  of  ethyl  upon  trieUiylphosphine 
may  be  accordingly  represented  by  the  equation : 

[(CaH,),lP]  J  Q  ^ 

I  have  not  been  able  to  trace  directly  the  hydrocyanic  acid  which 
figures  in  this  equation,  but  this  acid  appears  unmistakeably  in  its 
prodncts  of  decomposition.  Tlit-  brown  substance,  w  hich  accom- 
panies tlie  sulphide  of  triethylphosphine  and  the  hydrate  of 
tetrethylphosphoniura,  is  rich  in  nitrogen  :  boiled  for  some  time 
with  liydrochioric  acid,  it  yields  abundance  of  chloride  of  ammo* 
nium. 

I  have  likeTKisG  examined  the  behaviour  of  disulphocyauate  of 
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ethylene  with  tnethylphosphine.  The  reaction  takes  place 
witli  energy  at  ordinary  temperatures.  When  tnethylphosphine 
is  poured  into  a  concentrated  alcoholic  solution  of  sulphocyauate  of 
ethylepe,  tbe  liqiiid  immediately  solidifies  toa  dftzzling  white  crys- 
talline mafis  of  milphide  of  tziethylphosphine.  It  deserves  to  be 
noticed  tbat  the  same  deooiiipofiftl<M|  Uik»  pAac^  also  when  the 
suhstanoes  are  allowed  to  react  in  pmence  of  anhydrou*  ether. 
The  transformation  which  the  sulphocyanate  of  ethylene  undfll^ 
gpm  under  ibe  inflneiiM  of  triedijrlphaspltuie  is  perfecUy  aaakigotti 
to  tlM  ohaaoge  of  the  ethjl-oompoiud  wben  mbvuttod  to  the  dttM 
agent.  Instead  of  »  deriTetive  of  tefcrethylplipaphoniBin,  the  tmkfiho^ 
i^aiuUae  of  ethylene  prodnoes  the  ejenide  of  »  diatomic  meta],  of 

Sulphocyanate  Triethylphos*  Siilphiilc  of 

of  elbj^lene.  piuAS.  trietbjrlphcw- 

pbiM. 

Dicyanide  of  ethvlene-hflx* 
eUiyl-dipho8pliOfii«iB« 

Owing  to  the  low  temperature  at  which  the  reaction  is  accomr 
plished,  the  hydrocyanic  acid  is  not  changed  in  this  casc^  and  may 
be  recognised  \7ith0ut  difficulty  by  the  ordinary  reagents.  The 
diphosphonium,  which  is  simultancouBly  formed^  was  traced  as 
platiniim-salt,  exactly  in  the  same  manner  as  the  tetrethylphos- 
phonium  in  the  process  previously  mentioned.  The  product  of 
the  reaction^  freed  as  far  as  possible  from  the  sulphide  by  repeated 
evaporation  and  ultimately  by  treatment  witli  ethcr^  was  precipi- 
tated by  dichloride  of  platinum.  The  dingy  pLatinum-salt  was 
purified  by  treatment  with  sulphuretted  hydrogen  and  reprecipiti^ 
tion.  Bepeatedly  treated  in  this  manner^  it  assumed  the  character 
of  a  pm»  compound,  which  on  analysis  gave  numbers  doiiely 
agreeing  vith  the  formula, 

[w'ic£i:a"c'.2Ptci,. 

Since  I  shall  have  to  give  a  detailed  account  of  the  diphospho- 
nium-compounds  in  one  of  the  ibllowing  sections  of  this  inquiry,  I 
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need  not  for  the  present  enter  into  further  particulars  regarding 
this  reaction. 

In  concluding  this  paragraph,  I  may  append  a  few  remarks  upon 
the  deportment  of  sulpbocyanate  of  triethylphosphonium  under  the 
influence  of  heat.  This  salt  is  readily  procured  by  dissolving 
triethylphosphine  in  hydrosulphocyanic  acid.  Subiinttcd  to  the 
actioii  of  hiBBX,  it  is  partly  volatilized  without  decomposition  :  the 
greater  portion,  however,  is  decomposed,  sulphide  and  the  disul- 
phide-of-carbon-compomid  of  tiiethylphosphine,  together  with  free 
diaolphide  of  carhon,  appearing  among  the  volatile  products  of  the 
metioii,  while  a  hcown  ill-defined  aubstanoe  remains  in  the 
leiort^  yielding  wlien  treated  with  an  alkali,  an  appreciable  quan- 
tity of  ammonia.  I  have  not  CTamined  this  change  in  detail,  but 
it  is  oVvioQB  that  one  of  the  direct  products  of  the  reaction  ia 
•nlj^iocyanate  of  ammonium,  the  farther  deoomppstticm  of  which 
eigphdns  the  appeaimoce  of  the  diaulphide  of  carbon  as  well  as  the 
other  products  observed.  The  residue,  of  course,  must  contain 
the  varied  compounds  generated  by  the  action  of  heat  on  sulpbo- 
cyanate of  ammonium. 

Behaviour  of  the  Arsims  and  Stibines  with  the  SulphocyajLaies  of 
Phenyl  and  AllyL — The  facility  with  which  the  compound  ureas 
containing  nitrogen  and  phosphorus  are  formed,  induced  me  to 
attempt  the  production  of  analogous  compounds  with  arsenic  or 
antimony  in  place  of  phosphorus.  I  therefore  treated  sulphocyanate 
of  phenyl  and  oil  of  mustard  successively  with  triethylarsine  and 
triethylstibine,  first  at  ordinary  and  tlieu  at  gradually  increasing 
temperatures  in  sealed  tubes.  But  not  one  of  these  experiments 
led  to  the  expected  result.  The  arsinesand  stibines  differ,  indeed, 
in  their  chemical  character,  much  more  from  ammonia  than  the 
l^msphines.  Their  incapability  of  forming  saline  compounds  with 
adds  is  alone  sufficient  to  rendnr  the  formation  of  ureas  containing 
arsenic  and  antimony  somewhat  improbable.  When  mixtures  of 
triethylarsitte  with  sulphocyanate  of  phenyl  on  the  one  hand,  and 
anlphocyanate  of  aUyl  on  the  other,  were  left  to  stand  for  some 
time  at  ordinary  temperatures,  the  Hquid  in  both  cases  was  found 
to  be  trsTersed  by  a  small  quantity  of  beautifnl  needle-shaped 
crystals.  The  crystals  from  both  mixtores  were  found  to  be  the 
same ;  they  were  readily  identified  with  the  beantifol  needles 
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wlucli  are  gndoally  formed  in  trietJiyknine  vlien  left  in  eoolMt 
'With  atmospheric  air. 

Behavkmr  qf  Drieth^lphoapkiHe  wiih  Cf/anaie$,'^Tbi&  formatioii 
of  anlphm^tted  nreaa  oontainin^  phosphoraa  and  nitrogen  led  me 
to  try  whether  the  oofreaponding  oxygen-oompoonda  ooold  lika- 

wise  be  produced. 

WTien  cyanatc  of  phenyl  is  mixed  uitli  the  phosphoruB-base, 
great  heat  is  evolved,  indiratinjx  a  marked  chemical  reaction.  The 
mixture  on  coolinj?  solidifies  into  a  mass  of  shiuing  crystals  which 
are  insoluble  in  water,  nearly  insoluble  in  ether,  and  dissolve  with 
difficulty  even  in  boiling  alcohol.  By  recrystallization  from  the 
laat-mentioned  solvent,  the  ne\F  body  is  easily  obtained  pure.  The 
further  examination  of  the  resulting  crystals  proved,  however,  that 
they  by  no  means  consisted  of  the  compound  urea  of  which  I  was 
in  search.  From  the  analysis,  which  I  intend  to  give  in  connexion 
with  other  researches^  it  appeared  that  the  crystals  still  poesaased 
the  composition  of  cyanate  of  phenyl,  that,  indeed^  they  were 
q/annarate  qf  phenyL  The  triethylphosphine  in  this  case  appears  to 
induce  nothing  more  than  a  new  molecular  disposition  of  the 
elements  in  cyanate  of  phenyL  The  peculiar  chacMlor  of  thia 
metamorphoaia  may  be  perceiYed  in  the  moat  beantiftd  manner 
by  dipping  a  glass  rod  moistened  with  triethylphoapliine  into  a 
considerable  quantity  of  cyanate  of  phenyl.  The  liquid  imme- 
diately becomes  hot,  and  solidifies  after  a  few  aeoonds  into  a 
shining  crystalline  mass  of  the  cyannrale. 

Similar  results  were  obtuned  by  the  action  of  the  phosphoroa- 
base  on  cyanate  of  ethyl.  The  two  bodies  may  be  mixed  without 
evolution  of  heat,  and  the  mixture  does  not  solidify  ;  but  the  trans- 
formation is  soon  indicated  by  the  diminution  of  the  penetrating 
odour  of  the  cyanate.  If,  as  soon  as  the  odour  has  disappeared, 
the  liquid  be  mixed  with  dilute  hydrochloric  acid,  which  removes 
the  free  phosphorus-base,  the  oil  which  lloats  on  the  surface 
quickly  solidifies  into  a  solid  crystalline  mass  which,  when  reerys- 
tallized  from  hoiling  water,  exhibits  all  th;^  properties  of  cya7iurate 
of  ethyl. — When  a  stream  of  cyanic  acid  gas  is  passed  through 
triethylphosphine,  the  odour  of  the  acid  disappears,  while  the 
phosphorus-baae  becomes  turbid,  and  yields  a  white  deposit  of 
cyanurie  add. 

In  connexion  with  these  experiments,  I  have  had  occasion  to 


Digitized  by  Google 


BISTOBT  OF  THB  PHOBPHOHUfl-BAnB. 


323 


coimnce  myself  that  cyanic  acid  ^as  and  phosphoreited  hydrogen 
do  not  act  upon  one  another^  at  least  at  ordinary  temperatures.  —I 
was  anxious  to  ascertain  whether  the  peculiar  action  of  the  phos- 
phorus-base on  the  cyanates  extended  likewise  to  the  cyanides.  I 
foimd^  howerer^  that  cyanide  qf  methyl  (acetonitriie)  or  cyanide  of 
phenyl  (hensonitriJe)  may  be  left  for  days  in  contact  with  the 
phoephoras-baBe  at  temperatures  varying  ftom  lOO^  to  15(f  ,  withoat 
expeziencing  tbe  f^ktest  alteration.  Had  these  sobstanoes  been 
changed  under  the  above  oonditikms,  like  the  cyanntes,  their  Irans^ 
lisnnation  into  methyl-  and  phenyl-oompoands  ooneaponduiig  tn 
i^anethine  might  have  been  ezpeeted. 

Experiments  m  the  Methyl-series. — The  information  whidi  I 
have  collected  with  reference  to  the  phosphorus-compounds,  haft 
been  almost  exclusively  obtained  by  the  study  of  triethylphos- 
phine.  In  exceptional  cases  only  have  I  worked  in  the  methyl- 
series.  Trimethylphosphine,  ou  account  of  its  volatility,  is  much 
less  easily  prepared  than  the  ethyl-compound,  and  especially 
much  more  difficult  to  preserve.  This  body  is  oxidized  with  such 
rapidity,  that  it  disappears  from  the  hand  of  the  operator  during 
manipalatioib  Its  odour,  moreover,  is  insupportable  for  any  length 
oltinie. 

NevOTtheless,  I  have  made  a  few  experiments  with  the  methyU 
oomponnd,  a  slight  sketch  of  whid&  may  form  the  conduaioii  of  this 
paper. 

The  phosphorus-dedvatives  of  the  methyl-series  exhibit  the  most 
perfect  analogy  with  the  corresponding  ethyl-compounds. 

Oxide  of  trimethyl|>hoi!iphine  produces  with  iodide  of  sine,  with 
dichloride  of  platinum,  and  with  trichloride  of  gold,  thehomologues 
of  the  seven!  compounds  obtained  from  the  oxide  of  triethylphos- 
phone. 

When  trimethylphosphine,  either  pure  br  dissolved  in  alcohc^ 
and  ether,  is  submitted  to  the  action  of  disulphide  of  carbon, 
all  the  phenomena  are  reproduced  wliich  I  have  mentioned  at  some 
length  in  describing  the  corresponding  ethyl-base.  The  red  crys- 
tals which  are  formed  arc  somewhat  paler,  much  more  volatile,  and 
much  more  readily  altered.  The  disulphide-of-carbon -compounds  of 
the  methyl-  and  etliyl-series  exhibit  in  their  properties  the  same 
relation  which  obtains  between  the  sulphides  of  the  two  series. 

y2 
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was  established  by  analyns. 

The  red  crystals  are  changed  with  the  utmoflt  facility  into  «ul- 
phide  of  tnmi  iliylphosphine.  In  the  hope  of  forming  fine  crystals, 
similar  to  those  obtained  with  the  ethyl-compountij  a  solution  of 
the  red  crystals  in  warm  ether  was  allowed  to  cool  in  a  tall  open 
cylinder.  When  the  solution  was  examined  next  morning,  it  had 
become  colourless^  leaving,  upon  spontaneous  evaporation^  the 
beautiful  cn  stals  of  the  sulphur-compound. 

The  sulphocyanates  of  phenyl  and  allyl  readily  combine  with 
trimethylphosphine.  The  reaction  is  even  more  powerful  than 
with  the  ethyl-base.  The  urea-body,  which  trimethylphosphine 
produces  with  sulphqpyanate  of  phenyl,  is  a  liquid  which  I  have  not 
been  able  to  obtain  in  the  solid  state.  Directly  prepaied  from  the 
constituents,  or  separated  from  one  of  its  eiystalline  salts,  it  forms 
a  slightly  ctdoored  oily  liquid,  soluble  in  water,  difficultly  soluble 
in  ether,  readilj  soluble  in  alcohol.  On  adding  concentrated 
hydroddoric  add  to  the  oU,  it  gradually  solidifies  to  a  crystalline 
mass  of  sulphur-yellow  delicate,  liair4ike  needles,  which  may  be 
reorystallized  both  from  water  and  from  alcohol.  I  have  fixed  the 
composition  of  this  phosphoretted  urea  by  a  dilofine-determlnar 
tion  in  a  chloride  of  the  composition, 

r  (csr  7 

L  (CH3)(CeH,)i 


Npj  CI. 


The  brown  liquid  which  is  formed,  with  considerable  evolution 
of  heat,  when  trimethylphosphine  is  brought  in  contact  with 
mustard  oil,  gradually  deposits  well-formed  transparent  colourless 
prisms,  the  habitus  of  which  resembles  that  of  the  corresponding 
ethyl-oompound.  The  crystals  were  not  analysed,  but  there  can  be 
no  doubt  that  th^  were  the  methylated  phosphQrn»-urea  of  the 
allyl-series : 

(OS)"  ) 
(CH,)(C,H.)) 
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Phosphoretted  hydrogen  ia  witbout  action  on  the  Bulphof^anates 
of  phenyl  and  allyl. 

la  conclusion^  I  beg  to  thank  Drs.  A.  LeibiuB  and  M.  Holz- 
manu  for  their  asabtanoe  in  aome  of  the  esperimenta  connected 
with  tbia  inqnnry. 


XXVI. — On  the  Discrepancies  in  the  StatmerUs  qf  Pelouze  and 
F.  Mahr,  reapecHng  the  SoMiHty  of  GaUotanme  Mid  in  Ether, 

By  Paofessoa  Bolley. 

Fob  the  extraction  of  tannic  acid  from  coane  gall-not  powder^  in 
Ilia  ''Diaplacement  Apparatna,^'  Pelouze  recommenda  the  nae  of 
ordinaiy,  not  abaolnte,  ether.  The  liquid  which  then  runa  off^ 
aepaiatea  into  two  layera^  the  lower  of  which  ia  thickiah^  while 
the  upper  ia  mobile  and  leaa  colonred.  The  lower  liquid  containa 
the  tannic  add^  and  ia  regarded  by  Felonze  aa  a  aolution  of  tannic 
add  in  water;  the  upper  liquid  ia  atated  to  be  ether,  holding  in 
aolution  email  quantitiea  of  tannic  acidj  coloozing  matter,  &c. 

Mohr,  in  Ida  commentary  on  the  Fmaaian  Pharmacopoeia^ 
decidedly  contradicts  this  statement.  His  view  of  the  matter  has 
found  its  way  into  most  Manuals  of  Chemistry,  articles  in  Chemical 
Dictionaries,  &c.,  and  is  generally  received  as  correct.  He  regards 
the  lower  stratum  of  liquid  above-mentioned  as  a  concentrated 
•  solution  of  tannic  acid  in  ether,  and  the  upper,  as  ether  which  lias 
dissolved  only  a  small  quantity  of  tannic  acid.  The  two  layers, 
he  maintains,  arc  not  soluble  one  in  the  other.  If  this  be  so,  it 
affords  another  example  of  a  condition  hitherto  known  to  exist 
in  one  inatance  only  (that  of  coniine),  in  which  the  solution  of  a 
body  in  a  certain  solvent  is  not  diluted  by  contact  with  that  same 
aolvent.  In  apite  of  thia  anomaly,  Mohr's  statement  has  been 
adopted  without  eiperimental  verification.  Mohr  reata  his  view 
on  aa  experiment  deacribed  by  himaelf.  On  treating  tannic  acid 
witb  anhydrona  ether,  he  obtidned  the  thickiah  layer  already  men- 
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tioned,  and  aboye  it  there  floated  a  ttiatiim  of  eAer,  ooutaiiuiig 

only  a  small  quantity  of  tannic  acid. 

1  have  likewise  examined  this  peculiar  phenomenon.  I  find  that 
anhydrous  ether  (previously  decanted  several  times  over  chloride  of 
calcium,  boiling  at  3'l-f/°C.,  and  having  a  specific  gravity  of  0*721' 
at  ir25°C.),  takes  np  but  a  very  8n)all  quantity  of  tannic  acid, 
indeed  scarcely  any  (0*20()  p.  c.  at  5®  C),  while  the  greater  part  of 
the  tannic  acid  remains  in  the  liquid  in  the  form  of  a  dry  compact 
powder.  On  mixing  the  etlier  with  half  its  volume  per  cent,  of 
water,  the  thieki8h  liquid  is  formed.  The  ether — the  upper  layer 
—when  mixed  with  a  little  water,  takes  up  rather  more  tannic 
acid  than  the  anhydrous  ether.  I  find  that  the  upper  layer^pure 
ether  with  1  vol.  p.  c.  of  water— takes  up  1.2  p.  c.  tannic  acid. 

This  result  appears  to  confirm  Felouze's  view.  It  is  not  how- 
ever true  that  the  syrupy  layer  is  a  concentrated  aqueous  solution 
of  tannie  acid.  On  carefidly  remoring  a  portion  of  this  liquid^  ao 
that  none  of  the  upper  stratum  may  mix  with  it,  introducing  it  into 
a  retort,  and  distilling  with  good  condensation,  eonaiderable  ftoth* 
ing  takes  place  at  first,  and  ether  passes  o?er,  lidlowed  hy  water, 
the  two  liquids  foming  layers  of  equal  depth  in  a  cjlindncal 
receiyer. 

If  a  little  water  he  added  to  these  two  liquids,  a  third  layer  ia 
funned,  which  rests  between  the  two,  and  is  therefore  insoluble 
butli  in  ether  and  in  water.  Tliis  behaviour  appears  to  me  to 
reader  probable  the  existence  of  a  chemical  comix)uud  of  tannic 
acid,  ether,  and  water,  possibly  an  aeid  ethyl-salt  constituted  like 
ethyl-sulpliurie  acid^  that  is  to  say,  a  tannate  of  eifu:r  and  water. 

There  is  a  practical  deduction  from  these  experiments  which 
deserves  to  be  mentioned.  The  behaviour  of  pulverized  and  well 
dried  tannie  acid  to  ether,  is  so  peculiar  that  it  may  be  used  as  a 
test  of  the  presence  of  water  in  that  liquid.  In  anhydrous  ctheiT 
the  powder  remains  quite  unaltered,  but  in  hydrated  ether  it  cakea 
together  or  deliquescea  to  a  thickish  syrup,  according  to  the 
amount  of  water  present,  and  the  quantity  of  tannie  acid  added* 
Vecy  small  qnantitifis  of  tannio  add  give  a  distant  reaction. 
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XXVII. — On  the  Colouring  Matters  of  Persian  Berries^  and  on 
eertam  gmeral  relations  qf  Yellow  Vegetable  Dyes. 

By  PltOFESSOR  BOLLEY. 

Tbb  Ghenieal  investigatioiis  hitherto  published  respectiiig  Penian 
BemM  iXeSlow  berries,  gravuss  ^Avignon,  KrmUzbeeren)  noiay  be 
epitomixed  aa  fiiUows : — 

Kane*  dittingniabea  two  ooloiiring  matters :  (a) .  Chrysorhammn, 
a  yellow  substance  which  may  be  extracted  by  ether,  crystallizea 
in  needles,  is  nearly  insoluble  in  cold  water,  but  easily  soluble  in 
ether.  It  contains,  according  to  the  mean  of  two  analyses,  58  02  per 
cent,  of  carbon  and  4' 70  p.  c.  hydrogen,  and  is  said  to  be  decora- 
posed  by  solution  in  hot  alcohol  or  water  and  Ijoiliu*^  of  the  solu- 
tion, yielding  another  colouring  matter  (b),  called  Xanthorhujunin, 
which  is  soluble  in  water  and  alcohol,  but  insoluble  in  ether^  and 
when  dried  at  320°  F.  contains  52*55  C.  and  5*15  II. 

Gellatlyt  obtained,  with  ether,  neither  chrysorhamnin  nor  any 
other  characteristic  substance,  but  with  alcohol  he  obtained  a 
yellow  substance^  crystallizing  in  needles,  easily  soluble  in  water, 
whether  cold  or  hot,  insoluble  in  ether  and  containing  (when  dried 
at  100°  C.)  52-10  %  C.  and  5'78  H.  This  body  he  regarded  as 
xanihorhamnin  in  a  tolerably  pure  state.  It  is  decomposed  by 
heating  with  dilute  snlphnric  acid^  yielding;  together  with  glucose, 
a  body  called  Bhamneiin,  soluble  in  water,  alcohol,  and  ether,  and 
enatainiiig  59-41  %  C.  and  4*38  H. 

H  lasiwe  ta,)  in  his  paper  on  querdtrin,  makes  saoie  obserrationa 
on  Gellat  ly '  s  experiments,  chiefly,  however,  with  reference  to  the 

ions  may  be  under- 


dementary  aaalyses.   The  nature  of 

atood  from  the  following  table : — 

Percentage  of  carbon  and  hydrogen  in 


Quercitrin  at  100^ 
according  to  linllej  (1841) 

■aeoidiiig  to  Hlaaiwetz  (18<S9) 
C  as  52  49 

H  »  6*08 

Kigali  d'ft 

Qnercctin. 

C  =  59-23 

H  =  4ia 

«  Ffitl.  Hug.,  Ji4j,  184S,  p.  3. 


Kane's 
Zanthorhamnla. 

.  52.55 
5-16 

Ghrjsorhamiiiii. 

68-02 

4-70 


Gellatly'g 
Xan  t  h  orhanuun. 

6210 
6-78 

Oellstly's 

69-41 
4-38 


t  Kdinb.  Ksir  PhlL  JoDT.  Tii,  m. 
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Hlasiwetz  regards  xanthorhamniu  as  identical  with  quercitrin, 
and  rhamnetin  as  identical  witli  qiicrcetin^  but  he  has  not  made 
any  original  researches  on  Persian  berries. 

With  the  view  of  clearing  up  some  of  the  above-mentioned  dis- 
crepancies>  I  liave  likewise  made  an  investigation  of  Persian 
berries.  In  the  first  place  I  must  observe  that  I  obtained  an 
abundant  extract  with  cntde  ether  (this  may  perhaps  explain  the 
differences  between  the  statements  of  Kane  and  Gellatly).  This 
extract,  after  the  ether  had  been  evaporated^  the  residue  taken  up 
by  alcohol,  the  solntton  filtered,  and  the  alcohol  evaporated,  with 
addition  of  water^ — yielded  stellate  groups  of  yellow  needles,  wludi 
wen  not  altered  by  repeated  solntion,  boiling  and  precipitation. 

I  analysed  two  different  portiona  of  this  snbttanoe^  and  obtained 
from  the  one 

C  =  58-87  per  cent, 
Hss  4-66  „ 

and  from  the  other  which  was  dried  for  a  longer  time  at  about 
120''C. 

C  =  60-239  per  cent, 
H  =  4.-180  „ 

These  crystals  are  somewhat  soluble  in  pure  ether,  sparingly  in 
water,  easily  in  alcohol.  Their  solution  gives  with  neutral  acetate 
qf  lead,  a  brick-red  precipitate;  with  nitrate  of  silver,  a  blood-red 
liquid,  and  afterwards  reduced  silver.  I  found  some  time  ago 
that  the  lead  precipitate  is  peculiarly  characteristic  of  quercetin, 
and  I  hare  now  to  make  a  similar  observation  respecting  the  silver 
reaction :  qucrcetin  behaves  both  with  lead  and  with  silver  solutions 
preciiely^in  the  manner  jost  described.  The  crystallized  colouring 
matter  which  I  obtained  by  the  above  process  is  b^ond  all  qnes- 
tion  identical  with  qneroetin.  The  peculiar  interest  of  this  fiust  is 
that  it  demonstrates  ihe  pre-eaMenee  in  a  vegetable  wbitamce  ofm 
product  qfihe  decompo$UUm  qf  qvereUrm, 

Chiysorhamnin  (which  Gellatly  did  not  obtain)  is  perhaps  the 
same  as  qnercetin;  but,  from  the  preceding  observations^  it 
appears  doubtful  whether  this  body  can  easily  decompose  and 
vield  a  substance  like  that  which  Kane  describes  under  the 
ame  of  xanthorhamniu.  If  therefore,  as  Hlasiwetz  sup- 
poses, rhamnetin  is  identical  with  quercetin,  it  follows  that 
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deoompontum  k  not  necewagy  to  the  productioa  q£  rhanmetiiL 
Or  may  it  not  be  ponible  thai  thia  deoompontion  takes  place 
apontaneonsly  in  aome  kind  of  yeHow  berriea?  Several  wietiea 
of  theae  bemea  are  in  fiict  diatingdahed  aeoording  to  their 
appeannce  and  tiieir  origin*  Tfaia  aanimptionj  which  is  by  no 
meana  improbable,  may  perhaps  aerve  to  reconcile  aome  of  tiie 
oontradictiona  in  the  atatementa  of  Kane  and  Gellatly. 


XXVIII. — Oh  a  hitherto  unobaerved  source  qf  Paraffin* 

By  PaorEssoB  Bollbit. 

Masses  of  naturally  separated  paraflBn  have  been  found  in  deposits 
of  rock-oil,  e.g.,  at  Borystow  inGallicia;  and  Ozokerite,  Scheererite, 
Idrialin,  &c.,  afford  proof  that  hydrocarbons  differing  considerably 
in  melting  point  and  chemical  composition  occur  ready  formed  in 
nature ;  but  paraffin,  which  occurb  in  tar  and  in  certain  mineral 
substances  used  for  the  production  of  heat  and  light,  has  hitherto 
been  regarded  as  a  product  of  the  action  of  heat. 

In  the  Technical  Laboratoiy  of  the  Swiss  Polytechnic  School, 
reaearches  are  at  present  being  made  on  certain  kinds  of  coal  used 
for  the  production  of  illiminating  gaa ;  and  one  reaolt  of  these 
researchea,  easily  detached  from  the  rest,  I  am  now  about  to 
commnnioate. 

Boghead  dude— which,  according  to  Goeppert,  ia  not  a  tnie 
coal — haa  been  examined  by  several  chemiata,  with  reference  to 
the  qnanti^  and  composition  of  the  residne  which  it  leaves  when 

heated,  and  the  nature  of  the  volatile  products.    I  have  endesp* 

voured  to  ascertain  the  nature  of  some  of  its  proximate  constituents 
by  exhausting  them  with  various  reagents.  A  kilogramme  of 
pulverized  Boghead  cannel  coal  yielded  to  alcohol  2*  14  parts  of 
solid  extract  residue ;  and  to  ether,  after  drying,  2*63  pts.  The 
alcoholic  extract  presented  less  interest  than  that  obtained  with 
ether,  which  was  unctuous  to  the  touch  and  not  very  deeply  coloured. 
I  found  that  it  could  be  redissolved  in  ether,  and  decolorised  by 
agitation  with  animal  charcoal.  After  this  treatment,  however, 
the  residue  exhibited  by  elementary  analysis  a  quantity  of  oxygen 
amounting  to  11  per  oent.^  and  i^adualiy  turned  yellowish  when 
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heated  for  some  time  in  the  water-batli  above  its  meltings  point. 
It  Bustained  a  slight  loss  by  boiliDg  with  soda-lje,  and  the  undis- 
solved portion  melted  at  41°  C»  remained  colourleas  when  heated, 
solidified  in  crystaUine  laminsB>  was  insoluble  in  water,  sparingly 
soluble  m  alooholy  somewhat  moM  acduble  in  cihar.  The  analym 
thM  midne  gave 

Cafbon  86*88  per  cent. 

Hydrogen  ....  18*82  „ 

99*85 

The  melting  point  of  paraffin  was  fband  by  Reichenbach  to  be 
43'^  C.  We  know,  however,  that  different  samples  of  paraffin,  both 
natural  and  Jirtificial,  melt,  some  at  higher,  some  at  lower  points,  so 
that  tliis  circumstance  need  not  prevent  us  from  regarding  the 
substance  in  question  as  paraffin. 

To  me  it  appears  probable  that  paraffin  exists,  as  such,  in 
several  of  the  materials  from  the  distilhition-products  of  which  it 
has  hitherto  been  prepared,  such  as  peat,  shale,  lipiite,  &c.,  and 
the  process  of  separation  just  described  affords  a  convenient  method 
of  testing  such  substances  with  reference  to  their  utility  for  the 
preparation  of  paraffin,  which  has  hitherto  been  done  exdnsivelj 
by  dry  distillation. 

I  must  fbrther  remark,  that  from  two  sorts  of  coal  whieh  I 
examined  in  this  way,  I  obtained^  not  paraffin,  but  extracts  mm 
of  the  nature  of  asf^ialt.  It  is  oommonly  stated  that  the  non- 
existence or  tiie  raritj  of  oeomFranoe  of  paraffin  in  coal-tar  is 
attribated  to  the  great  heat  employed  in  the  distillation.  Maj 
it  not  rather  be  dne  to  ihe  ihot  that  true  ooal  does  not  contain 
paraffin  ready  fbrmed,  and  thecefoie  camiot  yield  a  tar  AiMitMtMW|p 
paraffin? 
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XXIX. — Note  oj  the  Action  of  Chloride  of  Ethjfl  upon  Ammonia, 

By  Charles  Edward  G&oves. 

It  lias  often  struck  me  as  remarkable,  that  while  the  deportment  of 
ammonia  ^ith  the  bromide  and  iodide  of  ethvl  had  been  so 
carefully  studied,  the  action  of  this  substance  upou  tlic  chloride  of 
ethyl  should  scarcely  have  been  noticed.    Although  the  difficulty 
of  manipulating  so  volatile  a  substance  as  chloride  of  ethyl  promised 
but  little  advantage  in  the  practical  preparation  of  the  ctliyl 
Immcs  ;  it  appeared  nevertheless  desirable  to  examine  .the  reaction, 
in  order  to  complete  the  history  of  the  formation  of  these  substanoes. 
When  chloride  of  ethyl  sealed  up  m  «lo«t  gbm  tubes  with  about 
thiee  tiaies  its  bulk  of  alcoholic  umDonia — formed  by  nearly 
•atunting  alcohol  with  diy  ammonia  —  was  digeatad  fat  six  or 
aeren  honxs  at  the  tempenutiire  of  lOOP  C.^  a  large  quantity  of  a 
white  crystaUiae  snbBtance  waa  deposited  in  the  tabea>  apparency 
oonaiating  of  chkinde  of  ammonuin.  The  tabes  were  thea  opeoed 
and  the  contents  thrown  on  a  filter,  the  white  ciystaiUiiie  powder 
washed  with  absolute  alcohol  and  the  filtrate  e?aporated  to  diynesa 
on  the  water-bath,  to  expel  aleoM  and  excess  of  ammonia.  The 
residue  was  then  dissolved  in  water,  filtered,  and  submitted  in  a 
retort  to  the  action  of  an  excess  of  oxide  of  silver,  in  order  to  set 
free  the  bases  formed  during  the  reaction.    On  heating  the  mixture, 
the  whole  of  the  volatile  bases  passed  over.    The  residue  in  the 
retort,  consisting  of  oxide  and  chloride  of  silver,  together  with  the 
hjdrated  oxide  of  a  non-volatile  ammonium -base,  was  thrown  on 
a  filter  and  wiishcd  with  water  until  the  washings  were  no  longer 
alkaline.  The  filtrate  neutralized  with  hydrochloric  acid,  evaporated 
to  a  small  bulk  on  the  water-bath,  and  tiltcred,  yields  with  bichloride 
of  platinum,  a  yellow  crystalline  precipitate,  which  was  washed  with 
a  small  quanti^  oCcold  water  and  recrystallised  from  boiling  water. 

0'1S5  grammes  ot  anbstsoce  yielded  0*054^  grammes  of  pla* 
inram;  this  shows  a  pemntage  of  plalutta  eqmvale&ft  to  28*4  psr 
oent.  The  temnli^ 

(C^HJ^NClFtCa^ 
leqmiee  29*44  per  eiot.  of  pialiinRii.  Tlie  vmihTolitae  Imb  pN>- 

^l^ljjfi^t  14ft        ^5®^fl^^^)^^  ^^^^^^C^^R  ^ilJ^lBJ^l^^     ^^^taj^^i  ^I^B^J  ^II^^BJBII^^uitl|^  19 
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therefore,  as  mif?ht  have  been  expected,  the  hydrated  oxide  of 
tetrethylammouimn .  The  alkaline  distillate,  containing  the  volatile 
portion  of  the  bases  was  neutralized  with  hydrochloric  acid, 
evaporated  to  a  small  bulk  on  the  water-bath,  and  precipitated 
with  an  insufficient  quantity  of  bichloride  of  platinum.  The 
precipitate,  consisting  of  thin  crystalhne  hexagonal  plates,  was 
zeayfttallized  from  a  small  quantity  of  water,  to  which  it  wa9  found 
convenient  to  add  a  few  drops  of  aloohol^  the  salt  being  rather 
imdiible  in  dilate  alcohol. 

0*235  grammes  of  substance  gave  0  092  of  platinum. 
The  farmulan- 

[(C.H^)  H3N]  CI,  Pt  CI, 

requires  39'29  per  cent,  of  platinum  and  the  analysis  gave  39.15 

per  cent. 

This  result  shows  the  existence  of  cthylamine  among  the  volatile 
products  of  the  action  of  chloride  of  ethyl  upon  ammonia. 

By  successive  partial  precipitations  and  recrystallizations,  a  con- 
siderable quantitj  more  of  the  platinam-salt  of  ethylamine  was 
separated ;  until  at  last  a  veiy  small  qnantity  of  another  and  more 
soluble  salt  was  d^osited  fiom  the  mother^iqnors.  After  a  single 
recrystallization^  which  was  sU  that  was  possible^  owing  to  the 
amount  being  so  small,  it  was  dried  and  analysed;  and  although 
some  crystals  of  the  ethylamine  platinum-salt  could  be  discerned 
by  the  microscope,  it  gave  results  which  approximated  closely  willi 
the  theoretical  percentage  of  the  diethylamine  platinum-salt. 

0*17Q  of  substance  gave  0*062  of  platinum ; 

this  gives  a  percentage  of  36*47  of  platinum. 
The  formula — 

[(C^H.)  ,Ha  N]  CI,  PtCl, 

requires  85*35  per  cent  of  platinum.  The  above  platinum  deter- 
mination might  also  represent  a  mixture  of  the  salt  of  ethylamine 
and  triethylaminc ;  but  the  compound  analysed,  although  more 
soluble  in  water  than  the  ethylaminc-salt,  was  not  nearly  so 
soluble  as  the  salt  of  triethylaminc  ;  moreover  the  latter  substance 
is  easily  recognised  by  its  crj'stallinc  form.  In  addition  to  the 
salts  above  mentioned,  a  small  quantity  of  triethylaminc  was, 
in  ^  prohabiUtyj  present  among  the  products  of  the  reaction  of 
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oUoiide  of  ethyl  upon  ammonia ;  bat  owing  to  the  imall  proportion 
in  which  it  existed,  and  the  known  solnbility  of  its  platinum- 

compound^  I  have  not  been  able  to  establish  its  formation  by 

experiment. 

The  following  equations  represent  the  action  of  chloride  of  ethyl 
upon  ammonia : — 

H3N+  cjvi  =  [  (c,ii,),n3N]  ci 

2H3N  +  2C^H,C1  =  [(C,H,)2HaN]  a  +  H^Na 

4H3N  4  -iCjHftCi  =  [(c^Hj^  N]  a  +  SH^Na. 

The  eiperiments  which  I  have  described  show  a  maiked 
difiPerenoe  in  the  action  of  the  chloride  when  compared  with  that 

of  the  bromide  and  iodide  of  ethyl.    The  chloride  of  ethyl  produces 

almost  exclusively  the  chloride  of  ethylammoiiium,  together  with 
small  quantities  of  the  chlorides  of  dieth)  lammouium  and  tetrethyl- 
ammonium.  The  bromide  of  ethyl,  according  to  the  experiments 
of  Dr.  Ilofmann,  gives  chielly  the  bromide  of  ethylammonium, 
but  also  very  appreciable  quantities  of  the  bromides  of  diethyl-  and 
triethylammoniuni,  with  but  a  small  proportion  of  the  tctrethyl- 
ammonium-compound  ;  and  lastly,  the  iodide  produces  the  three 
volatile  bases  in  about  equal  proportions,  but  generally  very  appre- 
ciable quantities  of  the  tetrethyl-ammonium-compound. 

The  above  experiments  were  performed  in  Uie  Laboratory  of 
Dr.  Hofmann. 


XXX. —On  the  CryttaUme  Form  o/MetaUie  Ckrommn. 

By  Pbofbssor  Bollst. 

The  preparation  of  sesquichloride  of  chromium  and  of  crystallized 
metallic  chromium  by  the  methods  recently  given  by  Wohler,*  is 
yery  easy.  I  entrusted  the  preparation  to  one  of  the  students  in 
my  laboratory^  who  obtained  a  product  exhibiting  the  colour  and 
lustre  of  the  crystalline  powder  described  by  Wohler.  Wdhler 
says  of  this  substance — "  It  exhibits,  even  with  a  magnifying  power 

*  Leldite  BanteUungsweise  des  meUUitcheu  Ciuroma.  (Ann.  Ch.  Phanu.  czi, 
230.) 
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of  50,  erjatalline  aggregations  having  the  ferm  ot  fir-bran<4ie« 
interspersed  with  very  beautiful  Rhombohedrons  of  great  lustre  and 
nearly  tin-wbitc  colour."  1  have  examined  the  erystidline  mass 
with  a  magnifying  power  of  85,  and  have  found  that  it  contains 
numerous  fir-sha^ud  arborosencea  such  as  Wohler  describes. 
But  it  was  imnuMliately  apparent  that  the  loose  cryBtals  dispersed 
through  the  muss  were  referable,  not  to  rhombohedral  but  to 
oetohcdral  primary  forms.  These  cr}>tals  are  very  frequently 
united  in  ^;roup6  of  four,  in  the  shape  of  a  cross,  but  the  small- 

ness  of  the  crystals  jirecluded 
the  possibility  of  measurement. 
My  ooUeaguBy  Professor  £enii<- 
gott»  has  had  the  goodaess  to 
detenmne  the  fom  of  theae 
crystals,  and  finds  that  thej 
are  octohedrons  hdonging  to 
the  quadratic  system.  They 
are  ibr  the  most  part  octagonal 
pyramids  />,  p,  comlnned  vith 
a  more  acute  pyramid  and 
a  more  obtuse  pjTamid  o.  The 
^-faces  aic  very  deeply  stri- 
ated ;  the  o-faces  very  smooth 
and  shining. 

It  is  well  known  that  the  crystalline  forms  of  the  metals 
belong  chiefly  to  two  systems,  the  ductile  metals  erj  stalliziug  in  the 
tesseral,  tlie  brittle  metals  in  the  rhombohedral  system,  while 
some  are  diiiiorplious,  and  exhibit  forms  belonging  to  both  these 
systems.  Hitherto  tin  is  the  only  metal  known  to  crystallize  in 
another  system,  viz.,  the  quadratic.  Boron  likewise,  according  to 
Quintiuo  Sella,*  crystallizes  in  the  quadratic  system. 

Chromium  aflfords,  therefore,  the  third  example  of  an  elementary 
body,  differing  from  most  others  in  its  crystalline  form.  It  follows 
also  from  these  ohserrations,  that  although  certain  compounds  of 
chromium  are  isomorphous  with  the  analogous  compounds  of  iron, 
this  isomorphism  does  not  exist  in  the  metals  themselTes, 

*  SuUc  forme  crititallind  di  alciuu  wU  di  ^UUn*  e  del  Soro  jMianwitiiM^  par 
Quintino  Sella.   Torino,  1857. 
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XXXI. —  On  a  new  Ltad-salt,  corresponding  to  Cobali-yellow. 

13v  S.  i).  1Iay£s,  Edinbuh-uh  Univbb&ity. 

In  the  course  of  some  investijj!:ation9  on  the  cohalto-cyanide  com- 
pounds, I  was  obliged  to  Ui-c  a  quantity  of  cobalt-yellow,  the 
pijymeut  discovered  by  M.  Saint  Evre,  iu  1852.*  All  the 
methods  descHbed  for  preparing  thivS  salt  are  very  tedious,  so  that 
it  became  an  object  to  find  a  more  ready  means.  The  best  method 
hitherto  given,  is  to  precipitate  a  solution  of  nitrate  of  cobalt 
witli  an  excess  of  potash ;  then  by  passing  a  current  of  dcutoxide 
of  nitrogen  (NO^)  through  the  mass,  the  cobalt-yeUow is  obtained: 
but  the  greater  part  of  the  dcutoxide  passes  through  without  being 
abflorbed ;  the  experiment  leqniiet  hours ;  and  the  amount  of  ealt 
obtained  is  Tory  amall. 

As  the  composition  of  this  body  is  considered  doubtful,  it 
occurred  to  me  that  it  might  be  made  firom  peroxide  of  nitrogen 
(N04)4  and  after  a  few  trials  I  obtained  it  very  readily^  in  large 
quantities,  and  found  that  all  the  cobalt  contained  in  a  solution  may 
thus  be  converted  into  cobalt-yellow.  Two  bottles^  connected  and 
supplied  with  funnel  tubes,  are  about  half  filled  with  a  solution  of 
nitrate  of  cobalt,  to  whibh  potash,  slightly  in  excess,  is  added. 
On  passing  a  brisk  current  of  peroxide  of  nitrogen  through  the 
liquid,  the  mass  in  the  first  bottle  soon  changes  colour,  and  the 
pigment  begins  to  fall;  by  adding  small  quantities  of  potash, 
occasionally,  through  the  fimnel-tubes,  all  the  cobalt  may  be 
removed.  The  pi'i  oxidc  of  nitrogen  is  most  readily  prepared  by 
allowing  a  cun'cnt  of  tlie  dcutoxide,  produced  from  copper  and 
nitric  acid,  in  a  snuUl  flask,  to  mix  with  a  current  of  common  air 
from  a  ij^asomoter,  in  a  dry  empty  bottle,  before  passing  into  tlie 
cobalt-solutions.  The  current  of  air  can  be  regulated  at  the 
gasomctc'r,  and  the  flask  for  generating  the  deutoxide  can  be  easily 
removed  and  replcnf^hcd  when  necessary.  A  solution  of  the  car- 
bonate may  be  used  instt  ad  of  caustic  potash,  for  precipitating 
the  cobalt-solutions,  with  the  same  results. 

A.  Stromeyer,  when  working  upon  this  salt,  endeaToured  to 
obtain  an  analogous  body  with  lead;  he  succeeded  in  getting  a 

•  Ann.  Oh.  Phya.,  [8],xxxTiii,  177. 
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yellow  ■olutum  by  means  of  nitrite  of  polaih  and  acetic  add,  in  a 
solution  of  lead,  but  be  tben  added  cobalt  wbidi  ga^e  a  pie^ 
dpitate.* 

On  treating  a  solution  of  nitrate  of  lead  with  potash,  and  paastng 
a  current  of  peroxide  of  nitrogen  through  the  liquid,  predselj  as  in 
making  the  oobalt-jellow,  I  found  that  all  the  peroxide  was 

absorbed,  and  as  the  oxide  of  lead  disappeared,  the  solution 
became  very  yellow.  Evaporating  and  crj^stallizing  this,  I 
obtained  large  yellow  prismatic  crystals ;  nitrate  of  potash  crystal- 
lizes at  the  same  time,  and  if  the  peroxide  of  nitrogen  has  been 
passed  through  the  lead  too  long,  nitrate  of  lead  is  formed. 

The  yellow  salt  was  easily  separated  and  recrystallized.  The 
bases  were  determined  as  sulphates,  in  the  analyses,  with  the 
following  results : — 

I.  0*746S&  grms.  pare  salt  gave  0'4200  grms.  sulphate  of  lead  and 
0*0097  grms.  lead  s  0*819498  grms.  oxide  of  lead,  and  0*2M>72 
grms.  sulphate  of  potash  s  0*183545  grms.  potash. 

II.  1-4590  grms.  gaye  0*6387.  gnns.  oxide  of  lead  and  0*25981 
grms.  potash. 

in.  1*0:271  grms.  gave  0*48745  grms.  oxide  of  lead  and  0*1881 
grms.  potash. 

The  nitrogen  was  determined  as  gas,  metalHc  copper  reduced 
horn  the  fiM  oxide,  being  used  in  the  combustion  tube  with  a 
littie  oxide  at  the  fore  end.  The  gas  was  collected  and  washed  in  a 
small  aiqparatus,  then  transfened  to  the  eudiometer,  where  it  was 
measured. 

I.  0*1926  grms.  salt,  gave  45*6277  cubic  centimeters  nitrogen 
at  temperature  6*0°C. ;  and  pressure  277*5  millimeters  as  16*80  oc., 
at  0°C.  and  760mLL  preaauxe,  s  0*204822  grms. 

II.  0*1958  grms.  gave  16*28  cc  at  OPC.  and  780  mil.  pieasnre^ 
ss  0*226968  grms. 

The  water  was  determined  by  combustion  with  metallic  copper. 

I.  0*7884  grms.  gave  0*0274  grms.  water. 

II.  0'9145  grms.  gsTe  0  0314  grms.  water. 
HI.  0*4785  grms.  gave  0*0177  grms.  water. 

*  Ana.  CSb.  and  Fbsnn.,  xori,  2S8. 
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I. 

II. 

nil. 

IV. 

Oxide  of  lead  •   •  • 

42-81 

43-08 

42-59 

48-22 

17-90 

17-77 

18-31 

99 

Nitrogen   •   •   •  • 

10-63 

f» 

10-35 

99 

Water  

3-47 

8*48 

8-73 

99 

Qzjgea  by  diffieareiuse 

9$ 

99 

100*00 

100-00 

The  above  analjrses  conespond  to  the  following  calculated 
formula : — 


PbO  . 

.   •  111-56 

42-98 

KO  . 

.   .  4700 

18-10 

N,.  . 

.   •  28-')0 

10-78 

Og  .  . 

.    .  64-00 

24-67 

HO  . 

.   .  9-00 

8-47 

259-56 

100-00 

As  this  salt  crystallizes  out  with  nitrate  of  potash,  it  is  of  about 
the  same  degree  of  solubility,  in  either  hot  or  cold  water,  and  the 
solution  may  be  boiled  for  some  time  without  any  decomposition, 
but  it  ia  leadily  decompoaed  by  sulphuiii^  hydrochloric,  or  nitric 
acid,  giving  ofif  red  fumes.  With  the  common  reagents,  it  acts 
like  nitrate  of  lead,  but  with  a  aolution  of  sulphate  of  cobalt,  it 
gives  cobalt-yellow,  which  goes  down  with  the  sulphate  of  lead. 
It  loses  its  atom  of  water  at  lOO^C,  but  if  the  temperature  be  nosed 
a  few  degrees  higher/ the  red  fhmes  come  off  abundantly.  The 
ctystals  are  of  a  bright  yellow  eolonr,  and  remain  unaltered  in  the 
air. 

I  am  not  yet  prepared  to  give  my  salt  any  decided  roHonai 
famnlay  bat  its  composition  may  be  expressed  in  several  ways  aa 
bdow.   When  SKO^  is  passed  over  2KO,  we  get  KONO^  and 

KONO3,  two  distinct  salts ;  but  if  2NO4,  be  passed  over  CoO  and 
KO,  as  in  the  case  of  cobalt- yellow,  or  over  PbO  and  KO,  as  in 
this  salt,  we  get  only  one  salt  of  a  double  composition^  which  we 
may  write  in  like  manner : 

KONOy  C0ONO5J  or 
K:ONOyPbONO,+HO. 

■ 

But  there  is  an  oljeetkm  to  thisy  as  cobalt,*  yellow  is  ahnost 

▼OL.  ZIU.  I 
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iniolable  in  water.  These  salts  may  also  be  looked  upon  as  double 
peroxides,  in  which  two  equivaleats  of  ozygea  have  been  replaced 
by  two  equiyalents  of  NO4,  thas 

(PbO,NO,l     jj^.!   *.   \  . 
|K0,  NO^> 

Imt  fiom  the  nature  of  the  salts  I  hardly  think  that  NO4  ensta  in 
them.  However  Gmelin  describes  a  salt  to  which  he  gives  the 
formula  2PbO,  NO4,  aq.,*  and  we  express  the  oovpootian of  tkoe 

salts,  just  as  well,  by  writing  them  thus, 

KONO^  CoONO, ;  or 
KON04,PbON04H-HO. 

This  snligeet  will  be  pursued,  and  I  hope  id  get  several  other 
saltSj  which  must  give  some  reactions  ihat  will  lead  to  the  right 
rational  formula. 

These  experiments  were  made  in  the  laboratory  of  the  Edin- 
boii^  University^  •> 


XXXII.— On  the  Bketrolytie  Test  for  Jrsenie,  and  on  the  Pteeenee 

that  Metal  m  eerteun  Reagente. 

Bt  Charles  Ii.  Bloxa*. 

In  a  former  commimication  upon  this  subject  which  I  had  tbe 
honour  of  presenting  to  tbe  Sodety^f  it  was  shown  that  when  n 
solution  containing  arscnious  acid  is  mixed  with  diluted  sulphiiEie 
acid  and  subjected  to  the  action  of  the  voltaic  cuanent,  anentiHretted 
hydrogen  is  evolved  at  the  negative  terminal,  and  tiiaft  in  this  wa^ 
very  minute  quantitiea  of  arsmious  acid  can  be  Aeteoted  with  great 
certainty,  even  in  the  presence  of  large  quantities  of  oi|;anio 
matter,  and  without  adding  any  material  to  the  liquid  wlaish 
would,  interfere  with  its  esumination  by  oifaertaalytical  pmeeasee. 
It  was  also  stated  that  arsenic  add  did  net  respond  to  this  tort, 
and  that  the  presence  of  mercury  in  the  liquid  interfered  very 
materially  with  the  detection  of  the  arsenic. 

•  Handbuch.    Bd.  3,  b.  142. 
/      '     '       '      _       t  See  page  12  of  ihig  Tolttme.      >  .  . 
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It  is  the  object  of  tliis  paper  to  sliow  how  arsenic  acid  may  be 
brought  within  reach  of  this  test,  how  the  interference  of  mercniy 
may  be  prereuted,  and  how  all  chanoe  of  error  due  to  the  evoliitioii 
of  antimonioretted  hydxog^  ^8-7  be  avoided. 

The  form  of  apparatus  xeoommended  in  the  prcTioas  notioe 
adantted  of  wome  obvioua  improvements.  A  tnbe*fannel  has  been 
added^  to  permit  the  introductioii  of  the  liquid  to  be  tested,  and 
the  platuram  wines  commtmicating  wtth  the  bsittery  hsvis  been 
nejplased  by  brad  strips  of  |datiniun  foil. 

If  sisePKms  add  be  OMonrerted  into  arteme  add  by  boiling  with 
hydfOfiUorie  add  and  chlorato  of  potsssay  and  the  sohition  be 
poured  into  the  diluted  salpburic  add  daring  the  passage  of  the 
current,  no  arscniuretted  hydrogen  is  evolved  ;  but  if  a  few  drops 
of  solution  of  sulphurous  acid  or  of  bisulphite  of  so<la  ])c  poured 
down  the  funnel- tube,  a  g:reenish  yellow  iridescent  crust  of  tersul- 
phide  of  arsenic  is  almost  immediately  deposited  at  a  little  distance 
beyond  the  heated  portion  of  the  tube,  and  is  followed,  in  most 
cases,  by  the  usual  mirror  of  metallic  arsenic. 

Since  arsenic  acid  is  reduced  With  ^eat  difliculty  by  sulphurous 
acid  at  the  ordmary  temperature,  it  appeared  probable  that  the 
was  really  due  to  the  hydrosnlphuric  acid  formed  by  the 
action  of  the  nssc^t  hydrogen  upon  the  sulphurous  acid,  and 
iuicordingly  it  was  found  that  the  introduction  of  a  few  drops  of 
solution  of  hydrosulphuxic  aoid  into  the  electrolytie  oell  also  cansed 
the  evolutimi  of  arsemoretted  hydrogen. 

If  an  exoeas  of  hydrosulphurio  aoid  be  employed,  a  deposit  of 
sulphur  is  fonned  in  the  tube,  nearer  to  the  orifice  than  the  deposit 
of  sulphide  of  aisenict,  fioM  which  it  may  be  very  eanlr  distin- 
guished by  its  eiueh  lighter  colour,  and  by  its  inaohibility  in  a 
waim  sohition  of  sesquicarbanate  of  ammonia,  yMi6k  leadil^ 
•dissohres  the  sulphide  of  arBenic. 

Three  experiments  may  be  especially  referred  to  in  endcnce  of 
the  certainty  attending  this  process. 

O'Ol  grn.  of  arsenious  acid  was  l)oilcd  ^vilh  liydrochloric  acid  and 
chlorate  of  potassa,  and  introducotl  into  the  electrolytic  apparatus, 
and  the  reduction-tube  through  which  the  hydrogen  escaped  was 
heated  to  redness  for  30  minutes  without  any  appearance  of 
deposit ;  but,  on  adding  5  gm.  measures  of  a  solution  of  bisulphite 
of  soda,  a  yellow  crust  of  tcrsnlphide  of  arsenic  made  its  appear- 
ance in  5  minutei^  and  was  foUowcd  by  a  distinct  deposit  of 
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metallic  arsenic,  identiHed  by  iU  volatility  and  its  solubility  in 
chloride  of  liinc. 

In  a  second  similar  experiment,  10  grn.  measures  of  a  saturated 
solution  of  hydrosulphuric  acid  were  poured  down  the  funnel- 
tube^  instead  of  the  bisulphite  of  soda.  The  crust  of  sulphide 
appeared  within  10  minutes,  and  that  of  metaUic.  saneme  witiun 
16  minutes. 

A  third  experiment  was  made  with  only  0*001  gm.  of  arsemous 
add  which  had  been  boOed  with  hydroehlorio  acid  and  eUormte  <if 
potassa;  within  18  minutes  after  the  addition  of  10  gm.  measures 
of  hydrosulphuric  acid,  the  yellow  sulphide  of  aiienic  appeared  in 
the  tube. 

It  was  fimnd  that  however  large  a  proportion  of  hydrosulphuric 
acid  was  poured  into  the  deoomposing  cell,  the  arsenic  was  still 

evolved,  the  metal  combining  with  the  nascent  hydrogen  in  pre- 
ference to  tlie  sulphur.  It  appeared  probable,  however,  that  the 
addition  of  hydrosulphuric  acid  would  at  once  precipitate  any 
antimony  or  mercury  present  in  the  liquid  under  examination, 
and  would  prevent  their  interference  with  the  detection  of  the 
arsenic. 

One  grain  of  tartar-emetic  (0*36  p^rn.  vSb)  dissolved  in  water,  was 
slightly  acidulated  with  sidphuric  acid,  mi.xed  with  an  excess  of 
hydrosulphuric  acid^  and  poured,  without  filtering,  into  the  deoom- 
posing cell  in  which  the  diluted  sulphuric  acid  was  undergoing 
electrolysis ;  the  evolution-tube  was  maintained  at  a  red  heat  for 
88  minutes  without  any  deposit  in  the  tube  except  a  thin  film  of 
white  sulphur. 

Another  grain  of  tartar-«netic  waa  then  mixed  with  0*01  gm. 
of  arsenious  acid,  which  had  been  boiled  with  hydroehlorio  add 
and  chlorate  of  potassa,  and  the  mixture  was  treated  with  an  excess 
of  hydrosulphuric  add,  and  poured  into  the  same  decomposing 
cell  without  interrupting  the  experiment.  In  6  minutes,  yellow 
rings  of  tersulphide  of  arsenic  made  their  appearance  in  the  capil- 
lary reduction-tube;  in  less  than  16  minutes,  a  distinct  crust  had 
formed,  presenting  exactly  the  same  appearance  as  if  no  antimony 
whatever  had  been  present.  No  deposit  ^had  been  formed  upon 
the  negative  plate. 

In  the  next  trial,  only  0*001  grn.  of  arsenious  acid  was  mixed 
with  1  grn.  of  tartar-emetic;  the  solution  was  boiled  with  hydro- 
chloric acid  and  chlorate  of  potassa,  diluted  to  one  fluid  ounce  with 
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water^  saturated  with  hydrosulphuric  acid  gas,  and  poured^  with 
the  suspended  precipitate^  into  the  decomposing  cell.  Within 
15  minutes,  a  distinct  deposit  of  metallic  arsenic  was  obtained, 
which  dissolved  immediately  in  solution  of  chloride  of  lime. 
•  When  1  gm.  of  tartar*emetic  and  0*01  gm.  of  arsenioiis  add 
were  mixed  with  considerable  quantities  of  bread,  milk,  and  beer, 
and  the  brown  treacly  liquid  obtained  by  boiling  with  hydrochloric 
add  and  chlorate  of  potassa,  and  subsequent  evaporation,  was 
mixed  with  excess  of  hydrosnlphuric  add  and  poured  into  the 
decomposing  cell,  deposits  of  metallic  arsenic  and  of  the  tersiil- 
phide  were  almost  immediately  foi  iiit  J  in  the  tube.  On  collecting 
the  dark  precipitate  after  the  operation,  it  was  easily  identified  as 
sulphide  of  antimony. 

In  a  second  experiment  of  this  description,  one-fourth  of  the 
brown  fluid  (containing  0*09  grn.  Sb  and  0'0025  grn.  AsO,^)  was 
introduced  into  the  decomposing  cell  without  addiiig  hydrosnl- 
phuric add,  when  a  very  distinct  mirror  of  antimony  was,  of 
course,  formed  in  the  reduction-tube,  and  a  deposit  of  that  metal 
was  obtained  on  the  negative  place.  The  reduction-tube  was  then 
changed,  and  hydrosulphoric  add  added,  when  deposits  of  arsenic 
and  its  sulphide,  free  from  antimony,  were  formed  in  the  tube. 

To  prove  that  with  this  modification  of  the  tes^  the  presence 
of  mercoiy  no  longer  prevented  the  detection  of  arsenic,  experi- 
ments precisely  similar  to  those  above  described  were  made, 
respectively,  upon  mixtores  of  1  gm.  eorrodve  sublimate  with 
(H>1  gm.  arsenioua  add,  and  0*25  gm.  conosive  sublimate  with 
6*0025  grn.  arsenions  add,  mixed  with  white  of  e|^,  bread,  milk, 
and  beer,  when  no  difficulty  whatever  was  fovnd  in  the  detection 
of  the  arsenic. 

The  solution  containing  chloride  of  mercury  and  arsenic  acid 
was  electrolytised  for  half  an  hour  without  the  slightest  appearance 
of  arsenical  deposit  in  the  heated  tube,  the  mercury  being 
deposited  abundantly  upon  the  negative  plate;  but  on  the  addition 
of  solution  of  hydrosulphuric  add,  a  crust  of  metallic  arsenic  was 
soon  obtained.* 

•  It  will  be  evident  that  this  method'of  conrcrting  the  arsenic  into  arsenic  add 
and  precipitating,  the  antimony  and  other  metals  by  hydrosalpharic  acid,  in  the 
cold,  may  l>e  employed  with  sdTsatustt  in  Mftrsh*i  test ;  tin  solution  containing  tlio 
inonie  Mid  nrasi  be  filt«rod»  bowever,  bofove  Intiodnetion  into  the  evohrtion  bottle, 
Mihs  sotpsndsd  sdphldo  of  •ntiiiMay  nas  found  to  be  imwMwiiat«»ljr  daqompoied  hi 
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In  order  to  ascertain  wliethcr  the  occurrence  of  putrefaction  in 
an  org-anic  mixture  containing  arscnious  acid  would  iutcrfero  with 
its  detection  by  the  electrolytic  test,  an  experiment  was  made  with 
0*001  grn.  of  arscnious  aeid  iiiixi  il  witli  meat,  white  of  egg,  beer, 
bread,  an;l  milk,  and  allowed  to  patrefy  for  nearly  twelve  mouths. 
No  difficulty  was  experienced  in  detecting  the  arsenic. 

I  am  very  desirous  of  conviiicixig  myself  that  reliance  may^ 
ia  all  casesj  be  placed  on  this  prooesa  for  the  detection  of  arsenic, 
by  operating  upon  organic  matters  exactly  similar  in  their  nature 
aud  quantity  to  those  often  submitted  to  the  chemist  ia  judicial 
inquiries,  but  have  hitherto  been  unable  to  do  thi%  in  conteqnenoa 
of  the  difficulty  of  procuring  hydrochloric  acid  so  pure  that,  when 
examined  in  the  large  quantity  required  for  the  diaint^grataan  of 
oonaiderable  masses  of  riscera^  it  did  not  afford  any  indication  of 
the  presence  of  arsenic.  BeUering  that  I  possessed  a  quantity 
of  sulphuric  add  perfectly  free  from  arsenic^  I  employed  it  for  the 
preparation  of  hydrochloric  add;  but  even  this  sample  waa  not 
found  to  be  absolutely  free  from  the  impurity,  and  on  resorting  to 
the  sxdphuric  acid,  the  examination  of  a  large  quantity  at  once 
proved  the  pres(  iic(!  of  a  very  minute  proportion  of  ai*scnic,  which 
was  more  easily  traced  in  the  hydrochloric  acid,  since  the  latter 
could  be  employed  without  inconvenience  in  larger  quantity, 
both  in  the  electrolytic  and  in  Marsh's  test.  The  production  of 
sulphuric  add  absolutely  £ree  from  arsenic  is  now  engaging  my 
attention. 

It  has  also  been  incidentally  noticed  in  the  course  of  these 
experiments,  that  various  samples  of  solution  of  potassa  and  of 
the  solid  hydrate  contained  very  notable  quantities  of  arsenic, 
attributable  probably  to  their  having  been  prepared  from  nitre  fay 
the  action  of  (arsenical)  copper  at  a  high  temperature. 

A  more  important  point  for  the  considerabon  of  the  analytical 
chemist  is  the  oconrrenoe  of  arsenic  in  the  hydrosulphnric  add^ 

contact  with  zinc  and  aulphuric  acid.  In  a  mixture  containing  a  grain  of  tartar* 
emetic  and  one-himdredth  of  a  gnin  of  arscnious  acid,  the  latter  was  detected  aa 
easily  aa  if  no  antimony  had  been  present^  hj  boiling  with  liydroeUorio  add  and 
chlorate  of  potassa,  precipitating  the  cold  aoltttloa  with  eaoeis  -of  hy&wnlpliQiio 

acid,  filtering,  and  pouring  into  Marsh's  apparatna. 

In  MurBh's  tc!<(,  the  use  of  electrolytiscd  zinc  was  found  to  l»c  attended  with, 
advantage  in  minute  iuvotttigation,  oa  accouai  of  the  verj  slow  and  steady  OToliMioa. 
of  gaa. 
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prepand  in  the  usual  manner  frm  BulpHde  of  iron  and  diluted 
solpbiirie  ackt.   On  passing  the  gas  ibr  10  or  16  minntes  through 

a  reduction-tube  heated  to  redness,  a  distinct  crust  of  sulphide 
of  arsenic  was  lormccl  nciircr  to  the  heated  portion  than  the 
deposit  of  siilphiir.  That  the  crust  really  consisted  of  sulphide 
of  arsenic  was  proved  by  its  solubility  in  carbonate  of  ammonia, 
and  by  its  furnishing  metallic  arsenic  when  fused  with  carbonate 
of  soda  and  cyanide  of  potassium  in  a  current  of  carbonic  acid. 
Tbis  experiment  was  repeated^  with  the  same  results,  upon  different 
samples  of  sulphide  of  iron  and  sulphuric  acid.  Tliat  the  arsenic 
nas  dne  to  the  sulphide  of  iron,  was  ascertained  by  emplogriBg 
only  80  much  of  the  purest  sulphuric  acid  as  gave  no  indicatioin 
of  arsenic  in  Marsh's  process.  Water  saturated  with  the  gas^ 
when  examined  hj  Marsh's  and  the  eleotrolytio  test^  was  not 
fyajoA  to  oontain  axsenic. 

No  arsenic  was  detected  in  the  washed  hydzosnlphuric  add  gas 
pv^axod  from  native  sulpbidB  of  antimony  and  bydioehloiic  mad. 
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Qm  yie«Tolnmetrie  Belatlont  ef  •sane,  and  the  Action  mt  tM»  Slec* 
irlcal  Maeharc*  mm  •xysmi  aak  •th«r  Smc*. 

(From  tiye  Philo^phicaL  TranaactioMj'or  18G0.)* 

1.  The  molecnlar  changes  prodnoed  by  tbe  electric  cuirent^  or 
discharge,  in  certam  compound  bodies  through  which  it  is  trans- 
mitted, fiuiiish  some  of  the  most  interesting  examples  of  the  action 

of  a  decomposmg  force  that  have  been  discovered  in  later  times. 
The  discharge  of  the  Leyden  jar,  through  fine  wires  or  thin 
metallic  leaves,  exhibited  loqg  ago  the  heating  power  of  the  current, 
and  the  interesting  experiments  of  the  Dutch  chemists  afterwards 
showed  that  the  disruptive  discharge  has  the  power  of  splitting  up 
compound  bodies  into  their  constituent  parts.  Tiie  great  invention 
of  the  pile  of  Volta,  by  fnmiahing  an  abundant  supply  of  electricity 
ofinoaerate  tenrion,  led  snbseqiDwnily  t^  the  important  disoorery 
of  the  polar  decomposition  of  water  and  of  other  conqioand  bodies. 
In  the  case  of  gases,  it  has  been  known,  since  the  time  of  Priestly 
and  Cavendish,  that  the  spark-discharge  has  the  apparently 
antag^onistic  propWties  of  causmg  decomposition  in  some  cases  and 
combination  in  others.  Finally,  in  our  own  day,  Schonbein 
made  the  fine  observation  that  a  new  substance  (ozone),  alike 
remarkable  for  the  activity  of  its  properties  and  for  the  facility 
with  which  it  is  destroyed,  is  formed  by  the  action  of  the  spark  on 
pure  oxygen  gas,  in  the  electrolysis  of  water^  and  in  certain  cases 
of  slow  oxidation. 

Our  object  in  the  present  communication  is  to  continue  the 
inyestigation,  already  begun  by  one  of  us,t  of  the  properties  of 
ozone,  by  subjecting  it  under  varied  conditions  to  a  series  of 
carefbl  volumetaric  experiments.  We  hopedi  in  this  way,  to  throw 
some  new  light  on  the  relations  of  this  singular  body  to  oxygen, 
by  determining  whether  any,  and  what,  change  of  volume  occurs  in. 
its  formation.  Our  expectations  in  this  respect  have  not  been 
disappointed.  We  have  ascertained  that  when  oxygen  changes  into 
ozone,  a  great  condensation  takes  place ;  so  great  indeed,  that  it  is 
almost  incompatible  with  the  existence  of  ozone  as  an  allotropic 
form  of  oxygen  in  the  gaseous  state.  This  investigation  has 
naturally  extended  itself  to  an  examination  of  the  effects  produced 

*  Th«  wMmat  of  this  paper  wm  ddlTered  as  a  Diseomte  lo  tii«  ICembeis  «f  tlit 
Cli«iiiicsl  Sodeij  of  London  bj  Dr.  Andrews. 

t  Fhilofloplikol  Tnui8Mtion%  p.  1,  or  Qnsrteily  Journal  of  Iho  Cbemksl 
Societj,  izt  108. 


Digitized  by  Google 


VOLUMETRIC  KlSLATIONS  OF  OZONB. 


845 


by  the  electrical  discharge  upon  other  gases,  simple  as  well  as  com- 
poimd ;  and  although,  from  its  great  extent,  this  part  of  the  inquiry 
DM  as  yet  been  only  partially  entered  into^  some  of  tlie  lesnlts 
already  obtained  are  of  oonsiaerable  intereat^  and  will  be  referred 
to  in  the  preaent  communication. 

Before  proceeding  further,  we  most  draw  attention  to  the  difTe- 
rence  of  action  which,  in  many  caaes,  we  have  found  to  exist 
"between  the  spark,  or  spark-discharnje,  and  the  glow,  or  silent 
discharere.  When  the  former  terms  are  employed  in  this  paper, 
they  indicate  a  succession  of  brilliant  sparks  between  two  fine 
platinum  wires,  usually  at  the  distance  of  20  millims,  (0*8  inch) 
from  each  other,  and  hermetically  sealed  into  the  tube  containing 
the  gas  under  observation.  This  form  of  discharge  was  obtained 
by  connecting  the  free  end  of  one  of  the  platinom  wires  with  an 
inanlating  tttmd,  provided  with  a  braal  ball  which  waa  broujipht 
within  a  short  distance  of  the  prime  conductor  of  an  eleetncal 
machine  in  high  order,  while  the  free  end  of  the  other  platinum 
wire  waa  in  connection  with  the  ground.  The  silent  discharge 
resented  no  visible  character  except  a  £aint  glow,  not  visible  by 
aylight,  at  each  metallic  point,  and  was  obtained  by  connecting 
the  6rst  platinum  wire,  not  with  the  insulator,  but  directly  with  the 
prime  conductor.  To  avoid  the  mixture  of  the  "  brush  "  with  the 
silent  discharge,  it  was  necessary  to  establish  the  connection  firmly 
both  with  the  conductor  and  with  the  earth  wire ;  and,  in  some 
cases,  where  a  full  effect  was  required,  the  mucliiue  had  to  be 
tamed  very  slowly. 

The  deetxical  i«*^twA  employed  waa  a  small  plate  one  (18  inches 
in  dinneter),  screwed  down  firmly  to  the  floor  of  the  apartment^ 
ooposite  to  an  open  fire.  On  the  prolongation  of  the  axis  of  the 
paate,  awbedl*  6  inches  in  diameter,  was  fixed,  from  which  a  belt 
pasaed  to  an  iron  wheel,  40  inches  in  diameter,  revolving  in  a 
wooden  frame,  which  was  also  fastened  to  the  floor.  By  this 
arrangement,  the  machine  could  be  easily  made  to  turn  at  the  rate 
of  350  revolutions  per  minute.  To  maintain  a  re^lar  and  power- 
ful stream  of  electricity  at  this  rapid  rate  of  motion,  it  was  found 
necessary,  in  addition  to  the  ordinary  cushions,  to  hold  with  the 
hand  against  the  plate  a  rubber  covered  with  amalgam.  When  in 
ordinary  working  order,  the  machine  gave  above  600  sparks  per 
minnte,  and  in  decompoeing  water  prodnoed  in  the  same  time 
0*0002  cab.  cent,  ot  die  mixed  gaaea.* 

The  ordinary  forms  of  eudiometrical  apparatus  were  found  to  be 
wholly  inapplicable  to  this  inqniiy.  We  fidled  in  discovering,  by  • 
their  means,  whether  even  a  change  of  Tolume  occurs,  wVen 
OBone  la  produced  from  oxygen.  To  increase  the  difficulty,  the 

*  Btportft  of  the  Britisii  Aisociatioa  for  1866,  Tnuia.  of  Sect.  p.  iS. 
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exporiaieiifai  oolild  not  be  eanied  on  in  prateaos  of  mannxy  or' 
watoTj  aa  the  fonner  ia  immediately  attacked  by  oronej  and  the 
latter  not  only  destroys  it  rapidly  by  contact,  bat  introduoea  a 
disturbing  cause,  iu  the  form  of  aqueous  vapour,  exceeding  in 
general  the  wlioie  effect  to  be  measured.  In  the  amparatus  nov  to. 
be  described  tlicsc  diflfioultios  -were  overcome,  and  T«ry  Tpintfte 
changes  of  volume  dctcrmiued  with  ccrtaiuty. 

In  figs.  1  and  2,  the  vessel  in  which  the  oxygen  was 
contained  is  represented  of  dill'erent  forms.  It  consists  of  a 
cylindrieal  tul)e  ab,  liaving  two  fine  ])latinum  wii'es  hermetically 
sealed  in  opposite  sides,  and  termiuuiin^  iii  a  eapiHai'y  tube  cde, 
of  the  form  represented  in  the  figure.  The  liquid  in  the  limbs 
d  e,  is  hydrated  sulphuric  acid  (HO,  SO3),  and  it  ia  by  the  changes 


fi$.  1.  Fig.  a.  VIg.  8. 


in  the  level  of  this  liquid  that  alteration  in  the  Tolum  of  the 
gaa  Hn  ahe  is  determined.  In  ofder  to  make  the  necessary  correc- 
tions ibr  changea  of  temperature  and  pressure,  daring  the  intewai  ■ 

between  two  observations,  a  vessel  filled  with  dry  air,  of  the  same 
fiunn  and  aiae  as  that  employed  in  the  experiment,  was  read  along 
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With  it ;  the  reservoirs  of  both  vessels  being  immersed  in  a  large 
calorimeter,  as  shown  in  fig.  3.  To  the  first  of  these  vessels,  we 
usually  gave  the  name  of  primary  vessel,  and  to  the  second  that 
oiauxUiary  vessel.  In  order  to  correct  for  any  slight  difference  in 
the  bizc  of  the  vessels,  or  in.  the  diameters  of  tlie  capillary  tubes, 
■uBultaaeoua  leadings  of  both 

and  a  ooefllcient  thus  detenuined,  by  means  of  which  the  indieatiana, 
of  tfaetWQTesaokooiddbeaftennadBaeenniteijoQaBpared.  When 
the  reservoirs  were  laige,  tfae  corrections  SD  ta  be  appliad  imei 
frequently  less  than  Ithe  errors  of  ofaaerratkm. 

The  extreme  delicacy  of  this  apparatus  will  be  evident  from  the 
following  considerationa.  If  wc  take  the  case  of  a  ¥fMinfi]  with  a. 
large  reservoir  (fig.  1°),  the  changes  in  vohime  of 
the  contained  gas,  supposing  the  temperature  to 
remain  constant,  will  be  nearly  proportional  to 
the  changes  of  pressure  indicated  by  a  barometer 
filled  with  sulphuric  acid.  As  the  height  of  such  a 
barometer,  at  the  mean  pressove  of  the  atmosphere^ 
would  be  about  5500  millims.,  an  alteration  of 
1  millim.  In  the  difference  of  levels  of  the  acid  in 
the  siphon  tube  (die,  fig.  1)  would  correspond  to 
a  change  of  volume  of  about  -s^-th  <^  the  entire 
gas ;  but,  as  it  was  easy  to  read  to  0-6  millim.,  or 
even  to  0*25  millim.,  the  apparatus  in  this  form 
enabled  us  to  estimate  a  change  of  volume  not  ex- 
ceeding one-half,  or  even  one-fourth  of  that  quantity. 
With  a  smaller  reservoir  (fig.  2),  the  indications  of 
the  apparatus  were,  it  is  true,  not  quite  so  delicate, 
and  a  careful  set  of  comparative  readings  with  the 
aniiliaiy  vessd  was  always  required;  but  even  here, 
a  change  of  Tv^me  aaaountiiiff  to  not  more  than 
3sstfa  of  the  whole,  eeold  be  determined  mth  cer- 
tainty. 

The  abaolute  change  of  volume  of  the  gas,  cor- 
responding  to  a  given  change  in  the  levels  of  the 
acid  in  the  siphon  tube  (eonected  in  the  first 
ini^tance  by  the  aid  of  the  auxiliary  vessel),  was 
estimated  in  two  ways;  first,  by  observing  the 
change  of  level  produced  by  raising  or  lowering 
the  temperature  of  the  water  in  the  calorimeter 
through  a  small  number  of  degrees ;  and  secondly, 
by  accurately  determining,  at  the  end  of  the  experiment,  the 
camicitgr  of  tiw  rsseryoir  and  that  of  the  capiUary  tube . 

The  fiuraa  of  appacatos  now  desonbed  can  only  be  employed  whe» 
tho  CBtive  change  of  volnmft  of  the  aaa  doea  not  wanaomtt  mtiia 
course  of  the  esqperimenty  to  more  ttian  about  one-tentii  of  the 
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whole.  When  large  changes  of  volume  occur,  the  free  end  of  the 
siphon  tube  must  be  hermetically  sealed,  so  aa  to  indnde  ft  oertam 
qoantity  of  air,  from  whoae  tabeecriient  change  of  Toluine  tiiat  of 
me  gas  in  the  reservoir  can  be  readily  calcnhtted.  This  modifioatkm 
of  the  apparatus  we  have  found  to  be  very  convenient  in  experiments 
upon  the  action  of  the  spark  and  silent  discharge  on  the  compound 
gases. 

2.  The  oxygen  g^s  employod  in  the  following  experiment'^  was 
prepared  from  fused  chlorate  of  potash,  and,  to  purify  and  dry  it, 
was  passed  through  two  U-tubes,  the  first  containing  fragments 
of  marble  moistened  witli  a  strong  solution  of  caustic  potash,  the 
second,  fragments  of  glass  moistened  with  sulphuric  acid.  The 
potash-tube  was  sometimes  suppressed.  In  order  to  remove  every 
trace  of  nitrogen,  the  whole  apparatus  was  placed  in  conneodon 
with  a  good  air-pump,  and  a  vacnnm  jprodnced  to  the  extent  of  at 
least  hdf  an  inch^  while  the  gas  was  still  being  evolved  fiom  the 

FSg.4. 


fused  chlorate  (fig.  4).  When  the  process  of  exhaus- 
tion was  discontinued,  the  gas  soon  filled  the  appa- 
ratus, and  was  expelled  through  the  mercury  at  the 
lower  end  of  the  long  gauge.  The  operation  of 
exhausting  and  refilling  the  vessel  was  performed 
three  times  in  every  experiment.  Supposing  the 
connexions  of  the  apparatus  to  have  been  perfectly 
air-tight,  the  nitrogen  remaining  after  this  triple 
exhaustion^  could  not  have  amounted  to  more  than 
jjjj^th  of  the  whole.  This  degree  of  accurate  was 
not,  it  is  true,  realised  in  practice^  but  the  oxygen 
gas,  prepared  in  this  way*  did  not  contain  -;^th  of  its 
volume  of  nitrogen.  The  connexion  with  the  air- 
pump  at  a  having  been  broken  (the  gas  still  continu- 
uig  to  pass  freely  over),  the  end  of  the  tube  was  softened  in  a 
lamp  and  bent  downwards  at  an  obtuse  angle,  so  as  to  allow 
it  to  dip  into  sulphuric  acid  contained  iu  a  smali  dish,  as  shown 

V  •  .  ,  • 
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in  dg,  5.  TIic  currc^nt  of  gas  was  now  arrested,  by  removing 
gradually  the  lamps  from  the  chlorate  of  potash,  so  as  to  allow 
the  apparatus  to  cool  slowly.  "When  the  acid  had  ascended  a 
short  way  ni  a  c,  the  vessel  was  sealed  liermeticuliy  at  d,  and,  after 
the  add  had  ascended  to  about  the  i^mskt  c,  the  vessel  was 
imoweA,  and  placed  in  the  upright  position  represented  in  figs.  1 
and  2.  It  was  sometimes  neoeaaary  to  ezpd  a  babble  or  two  of 
gas,  in  order  that  the  colunn  of  acid  in  the  siphon  tube  might  be 
in  a  oonyenient  poaition  when  the  Teasel  waa  plaoed  in  the  calo« 
rimeter* 

PrevioTia  to  fillinpr  the  vessels,  they  were  alwfiys  cleaned  by 
means  of  boilin^j;  nitric  acid,  and  subsequent  washing  with  distilled 
water.  They  were  afterwards  carefully  dried.  To  the  success  of 
several  of  the  following  experiments^  this  precaution  was  indispen- 
sable. 

An  auxiliary  vessel  having  been  filled  in  the  same  manner, 
either  with  air  or  with  oxvgen,  the  two  yesaela  were  placed  in  the 
calorimeter  (fig.  3)^  and  the  differenoe  of  the  levels  of  the  add  in 
each  carefolljr  read.  In  onr  earlier  ezperimenta  we  generally  naed 
a  cathetometer  for  this  pnrpoae,  but  latterly  we  found  it  more 
convenient  and  aufi&ciently  accurate  to  apply  to  the  limbs  of  the 
siphon  tubes  a  scale  divided  into  millimetres.  From  the  rapidity 
indeed  with  which  the  readings  were  thus  made,  the  results  were 
found  to  be  fully  as  trustworthy  as  those  obtained  with  tlie 
cathetometer.  When  quantitative  determinations  were  required, 
the  temperature  of  the  water  in  the  calorimeter  aud  the  height  of 
the  barometer  were  caret  ully  noted.  After  the  levels  were  read, 
the  free  ends  of  the  siphon  tubes  in  both  vessels  were  hermetically 
sealed.  The  primary  vessel  was  then  removed  firom  the  calorimetcor 
and  placed  m  oonneodon  with  the  electrical  machine,  to  be  exposed 
to  the  aolioin  either  of  the  spsffk  or  sikot  discharge.  When  this 
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operation  was  fiuished,  the  vessel  waa  replaced  iu  the  calorimeter, 
the  siphon  tabei  were  opened^  and  the  levels  of  the  acid  in  the 
two  Tessele  again  read. 

In  Older  to  examine  the  eflfects  of  heat,  the  reservoir  of  the 
Yemd  waa  placed  in  a  sort  of  air-bath,  taned  hy  wspending  a 
long  copper  cylinder  above  a  Leslie's  gas-bniner,  the  siphon 
tube  being  outside  the  cylinder^  fig.  6^  In  thia  wij  a  temperatore 


of  300® C,  which  was  sufficient  to  destroy  in  a  short  time  all  the 
ozone  reactions,  waa  readily  obtained.  This  temperatnre  %vas 
estimated  without  dilhculty,  by  observing  tlic  amount  of  compres> 
sion  eftiie^ir  in  tiie  outer  fef  Off  the  siphon  tabew  Onr  appanitai^ 
irith  a  slight  orodifioathm,  might,  in  mot,  be  employed  m  a  ther** 
momater  Ibr  idl  teaapwaturtti-bekwr  tiiat  at  wfaiii^  glass  begins 
soften. 

It  will*pM>bably  tend  to  penpicuity,  if  we  atate,  before  going 
further,  some  of  the  generd  rmits  of  out  eaqpuriinwits  xm  th^ 
action  of  the  eleofcricai  diseharge  on  pore  oog^gen. 
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T.  When  the  silent  discharge  is  passed  throiifjh  pure  and  dry 
oxygen,  a  contraction  takes  place.  This  contraction  proceeds,  at 
first  rapidly,  but  afterwards  more  slowly,  till  it  attains  a  limit, 
which,  in  one  of  our  experiments^  amounted  to  -j^th  of  the  original 
Yolume  of  the  gas. 

II.  If  a  few  electrical  9park8  be  passed  through  the  gas  in  this 
ouktraoted  state^it  expandi  till  it  xecovm  about  ^taeet4(mt^  of 
the  omitractioa  j  bat,  howefer  long  the  sparks  «re  passed,  the  gaa 
never  recoTen  its  original  volame. 

UI,  When  diectrioid  spaifkB  are  passed  through  pure  and  dry 
oxygen,  it  contracts,  but  to  a  much  smaller  eictent  than  when  acted 
on  by  the  silent  discharge.  The  oxygen  is,  in  fact,  brought  to  the 
same  volume  as  when  electrical  sparks  are  parsed  through  the  same 
gas,  previously  contracted  by  the  silent  discharj^e. 

rV.  When  oxygen,  contracted  either  by  the  silent  discharjye  or 
by  sparks,  is  exposed  for  a  short  time  to  the  temperature  of  270°  C, 
it  is  restored  to  its  original  volume,  and,  on  opening  the  vesselj 
the  ozone  reactions  arc  found  to  have  disappeared. 

Hie  foUowing  experiments^  tafc«n  fiom  a  hoge  number  iHdeh 
gsfe  simibur  resatts,  will  serve  to  iUnstrate  the  foregoing  state- 
ments* 

«.  In  a  Tessel,  whose  reservoir  had  a  capacity  of  6  cob.  eent^ 

sparks  were  passed  for  ten  minutes,  and  produced  a  contraction  of 
6*9  millinis.,  as  messared  by  the  change  of  levels  of  the  acid  in  the 
siphon  tube.  By  heatnif^  the  vessel  afterwards  to  300°  C,  the 
levels  were  restored  to  within  0*1  niillim.  of  their  original  position. 

With  the  silent  discharge  in  the  same  vessel,  a  contraction  of 
39*5  millims.  (corresponding  to  about  one-thirtieth  of  the  volume 
of  the  gas)  was  obtained  in  ten  minutes.  Of  this  contraction  heat 
restored  38*7  millims.  This  slight  dili'crence  of  0*8  miUim.  is  pro- 
bably dae  to  distortion  of  the  vessel  produced  by  heat. 

Again^  the  silent  dischaige  gave  in  ten  minutes  oontmetioii 
of  87*6  millims.^  of  vfhkHi  spanLs,  snbseqnentl^  passed  for  seven 
minutes,  desiipyed  29*7  millims.,  leaving  7*9  mdlims.  nndcstroyed. 

/8.  In  another  vessel  having  a  reservoir  of  the  capacity  of  0*8 
enb.  cent.,  active  sparks  gave,  in  fifteen  minutes,  4  millims.  of 
oontrnction.  After  fifteen  minutes  more  of  sparks  there  iraa  no 
additional  contraction. 

The  silent  discharj^^o  was  now  passed  for  fifteen  minutes,  and 
increased  the  contraction  to  20  milliuis. ;  in  fifteen  minutes  more, 
the  entire  contraction  was  31  millims.  Four  strong  sparks 
reduced  this  to  22'5  millims.,  six  or  seven  more  to  16  millims., 
aeven  more  to  II  miUims.,  and  sparks,  oontiimed  fat  ten  niniiites> 
left  4  millims.  of  permanent  contraction* 

tf.  In  a  third  vessel,  of  aboat  the  same  capMity  as  the  lasC^ 
spmrka  gave  a  final  eontraction  of  7*5  millims.  y  while  theailent  db» 
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charge,  pushed  to  its  limits  increased  the  contraction  to  90  millims. 
corresponding  to  about  one-twelfth  of  the  entire  volume  of  the 
gas.    This  contraction  was  almost  exactly  destroyed  by  heat. 

Before  leaving  this  part  of  the  subject,  we  should  mention  that, 
when  a  fall  eontraction  is  ohtained  bjr  means  of  the  sUent  disdiaree, 
it  will  be  found  rery  slowly  to  dimmish  firom  day  to  daj.  We 
hafe  not  ascertainea  whether,  at  the  end  of  a  verj  long  period  of 
time,  the  original  volume  of  the  gas  would  be  recovered.  At  100* 
the  contraction  diminishes  much  more  rapidly  than  at  ordinarj 
temperatures.  Thus  it  appears  that  the  state  produced  by  the 
electrical  discharge  is  not  permanent,  even  at  common  tempera- 
tures, and  tliat  it  becomes  more  unstable  as  the  temperature  risei^ 
till  at  270"  C.  it  is  rapidly  destroyed. 

We  next  proceeded  to  examine  the  volumetric  changes  which 
occur  when  oxygen  contracted  by  the  electrical  discharge,  is 
brought  into  contact  with  other  bocues. 

The  first  body  we  tried  was  manenry,  the  physical  changes jmo- 
duoed  on  which  by  ozone  are  known  to  be  very  remarkable,  wben 
a  capsule  containing  this  metal  is  broken  in  a  tube  of  oxygen  gas 
through  which  the  silent  discharge  has  been  passed,  the  mercmy 
instantly  loses  its  mobility,  and,  if  p^ently  shaken,  covers  the 
interior  of  the  tube  with  a  brilliant  mirror.  As  the  action  con- 
tinues, the  mirrored  surface  breaks  up,  and  the  coatinj^  becomes 
converted  into  a  blackish  semipulverulent  substance.  Unless  the 
tube  be  very  %aolently  shaken,  the  ozone  reactions  will  not  be 
entirely  destroyed,  until  the  mercury  has  been  for  some  hours  in 
contact  with  the  gas. 

To  determine  the  ydumetric  changes,  a  thin  capsule,  filled  with 
pure  mercury  and  hermetically  sealed,  was  placed  in  a  vessel  with 
a  large  reservoir  of  the  usual  form  (fig.  1°),  which  was  afterwards 
filled  with  dry  cMcygen.  After  the  levels  had  been  read,  the  silent 
discharge  was  passed  until  a  considerable  contraction  was  obtained. 
The  corrections  for  changes  of  temperature  and  pressure  were,  as 
in  other  cases,  furnished  by  an  auxiliary  vessel.  The  free  eud  of 
the  siphon  tube  having  been  sealed,  the  primary  vessel  was 
removed  from  the  calorimeter,  and  the  capsule  broken  by  a  sudden 
jerk.  The  breaking  of  the  capsule,  in  this  and  other  experiments, 
was  greatly  facilitated  by  introducing  into  the  vessel  a  small  piece 
of  thick  glass  tube,  which  fell  on  tl»  capsule  when  the  vessel  was 
shaken  (fig.  l^  k,  p.  347). 

Viewing  osEone  as  an  allotiopic  form  of  oxygen,  in  the  gaseous 
state,  we  expected  that  when  mercury  came  into  contact  with  it,  a 
contraction  would  take  place,  equal  to  the  volume  of  the  ozone  whicJi 
entered  into  combination  with  the  metal.  This  anticipation  has  not 
been  realised.  Alter  the  rupture  of  the  capsule,  the  vessel  waa 
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immediately  replaced  ia  the  calorimeter  and  the  levels  read.  Not 
the  fihghtc&t  diminutioQ  of  volume  was  observed  iu  any  one  of  a 
large  number  of  experiments ;  ou  the  contrary,  an  increase,  cor- 
re«ponding  to  a  change  of  1  millim.  in  the  levels^  generally 
oemrad.  Oa  aUowing  the  vcnola  4o  remain  in  the  otmrntibet, 
fUBbd  randing  the  jpeiitioii  of  the  aoid  in  the  siphon  tabes  firon  tine 
to  time,  the  gas  was  ibond  to  emnd  steadilj,  b«t  sbwly,  for  same 
hours,  till  from  two-thirds  to  nTe*sixths  of  the  contraction  pro- 
duced by  the  dischafge  was  reooyered.  If,  the  vessel  was  opened 
at  any  time  while  this  expansion  was  going  on,  the  ozone  reactions, 
were  always  manifest ;  but  when  the  eipansion  was  sit  an  end,  the 
ozone  reactions  had  also  ceased. 

If  the  mercury,  instead  of  being  allowed  tranquilly  to  act  upon 
the  {^f\8,  was  violently  agitated  after  breaking  the  capsule,  a  much 
smaller  portion  of  the  contraction  was  restored ;  in  some  coses  nut 
more  than  ene-sizth. 

ICetalfic  Mfer,  in  the  state  hoih  of  leaf  and  of  Ulings,  gaf«f 
similar  results.  The  sur&ee  of  the  sflver  was  partially  blackened, 
albout  three-fourths  of  the  original  eontvaetion  was  reoorered,  and 
the  whole  operation  much  more  quickly  terminated. 

As  the  above  reactions  were  evidently  complex,  the  mercury  and 
silver  partly  entering  into  combination  with  the  gas,  while  the 
compounds  formed  appeared  to  exercise  a  catalytic  action,  we 
endeavoured  to  find  an  elementary  body  which  would  instantly 
destroy  the  ozone  reactions,  and  at  the  same  time  be  without 
action  ou  dry  oxygen.  After  some  tiials,  we  found  that  iodine 
possessed  '^e  required  properties.  We  ftrst  ascertained  that  its 
Tapour^  although  visible  ait  common  temperatures,  has  no  appre- 


iodine,  was  broken  in  a  vessel  of  the  usual  form  filled  with  oxygen, 
the  levels  of  the  acid  in  the  siphon  tube  were  not  altered.  So 
slight  also  is  the  affinity  of  iodine  for  oxygen,  that,  on  heating  the 

reservoir  so  as  to  volatilize  a  considerable  portion  of  the  iodine,  and 
afterwards  allowing  it  to  cool,  the  volume  of  the  gas  underwent  no 
change.  On  the  other  hand,  if  ozone  be  present,  the  iodine  is 
immediately  attacked,  a  greyish-yellow  compound  is  formed,  and 
all  ozoue  reactions  are  iustautly  destroyed. 


repeated,  substituting  io^hne  for  that  metal.  On  breaking  the 
capsule,  the  lerels  of  the  add  scarcely  changed  1  ndllim.,  although 
the  original  contraction  amounted  to  50  ^miliims.  No  subsequent 
expansion  took  place,  end,  on  opening  the  Tcssel,  the  oeone  reac- 
tions had  entirely  disappeared. 

On  the  allotropic  hypothesis,  these  experiments,  and  particularly 
the  last,  lead  to  the  conclusion  that  ozone  must  have  a  density  at 
least  fifty  timed  an  g;reat  as  tjiat  of  ox^^^eu.    This  conclusion  is 
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indeed  unavoidable  from  the  experiments  just  described,  unless  it 
is  assumed  that  at  the  same  moment  when  one  portion  of  the  ozone 
combines  with  the  iodine,  another  portion  changes  back  into 
oxygen^  and  that  these  quantities  are  so  related  to  one  another, 
that  the  ezpanaon  due  to  the  one  is  exactly  equal  to  the  eontarae- 
tioQ  ariring  from  the  other*  Soch  a  iuppositioii  cannot^  however^ 
be  oonsidered  probable. 

4.  In  order  to  subject  this  remarkable  property  of  ozone  to  a 
further  examination^  two  additional  series  of  experiments  were 
undertaken,  to  a  description  of  which  we  now  proceed. 

In  the  firat  aeriea,  a  primary  and  an  auxiliary  yesael  with  large 
mervoira  were  filled  with  pure  and  dry  oxygen,  small  crasules 
hermetically  sealed,  and  containing  portions  of  the  same  solution 
of  iodide  of  potassium,  having  been  previously  placed  in  each.  The 
silent  discharge  was  passed  through  the  primary  vessel  so  as  to  pro- 
duce a  considerable  contraction,  amounting  in  diflTerent  experi- 
ments to  from  40  milliras.  to  80  millims.  The  levels  of  the  acid  in 
the  siplion  tubes  of  both  vessels  having  been  carefully  read  while 
the,  vessels  were  in  the  calorimeter,  the  ends  were  sealed,  and  the 
vessels  shaken  so  as  to  break  the  capsules  in  both.  In  the  primary 
veBsel,  the  iodide  of  potassium  solution  became  instantly  coloured 
dark  brown  from  the  iodine  set  free,  while  that  in  the  aoxiliai^ 
Tcesel  did  not  change.  On  replacing  the  vessels  in  the  calori- 
meter^ and  opening  the  ends  ot  the  siphon  tubes,  the  change  in 
the  levels  indicated  a  considerable  expansion  in  both.  In  the 
auxiliary  vessel,  this  expansion  was  due  to  the  tension  of  the 
vapour  of  the  solution  of  iodide  of  potassium  alone;  in  the 
primary  vessel,  the  expansion  ought  to  have  been  less  than  this, 
on  account  of  the  absorption  of  ozone,  if  the  volume  of  that  body 
were  capable  of  measurement. 

In  the  following  Table,  which  contuius  the  results  of  five  very 
careful  experiments  made  in  this  way,  the  first  column  gires  the 
amount  of  contraction  produced  by  the  silent  discharge  in  the 
primary  vessel,  previous  to  the  breaking  of  tiie  capsules;  the 
second,  the  temperature;  ihe  third  and  fourth,  the  respective 
expansions  in  the  primary  and  auxiliary  vessels ;  and  the  fifth,  the 
differences  of  the  numbers  in  the  third  and  fourth  cohimns : — 


I. 

81-5 

HOC. 

68-5 

70.0 

—  1-5 

II. 

02-2 

13-50. 

79-5 

800 

—  0-5 

III. 

72-2 

8-7C. 

50-7 

520 

— rs 

IV. 

63-5 

12-2C. 

71*5 

730 

—  1-5 

V. 

45*5 

16-2C. 

870 

89-2 

—2-2 
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The  capacity  of  tlie  vesads  employed  in  these  experiments  was 
aboat  80  cob.  cent.^  and  the  primary  and  its  auxiliaiy  were  fonnd, 
in  each  experiment,  by  careful  comparative  observationsj  to  work 
accurately  together.    The  solution  of  iodide  of  potassium  was 

purposely  employed  of  different  strni^tlia  in  the  several  experi- 
ments. In  I.  it  contained  j^j,th  part  of  iodide  of  potassium ;  in 
II.  -^qUi  ;  in  III.  -J^rd  ;  and  in  IV.  and  V.  -^th.  In  the  two  last 
the  solution  was  slij^htly  acidulated  with  hydrochloric  acid,  in  the 
others  it  was  neutral.  The  capsules  contained  each  about  0*7  grm. 
of  these  solutions. 

The  agreement  in  the  results  of  these  experiments,  made  with 
solutions  of  iodide  of  potassium  so  widely  differing,  is  very  rem&rk> 
abl&  We  ought  also  to  observe  that  direct  experiments,  per- 
formed with  great  care,  showed  that  the  iodine  set  free  by  the 
ozone  in  the  primary  vessel  did  not  affect  the  tension  of  the  vapour 
of  the  solution. 

Taking  the  mean  of  the  above  numbers,  the  density  of  ozone,  as 
compared  with  that  of  oxygen,  must  be  expressed,  on  the  allotropic 
liypothesis,  by  about  the  number  (>0 ;  in  other  words,  ozone  must 
be  a  gas  only  about  six  times  lighter  than  the  metal  lithium.  If 
the  small  dijOfereuces  in  the  fifth  column  be  due,  wholly  or  in  part, 
to  accidental  causes,  which  is  fax  from  improbable,  a  still  higher 
number  must,  on  tiie  same  hypothesb,  be  taken  to  express  the 
density  of  osone. 

In  the  last  series  of  experiments,  the  amount  of  iodine  set  free 
in  the  solution  of  iodide  of  potassium  was  determined  by  analysis, 
and  the  weight  of  oxygen  deduced  therefrom  compared  with*  the 
weight  of  oxygen,  caleulatcd  from  the  volumetric  change  which 
had  occurred  in  the  formation  of  the  ozone. 

We  shall  describe  tlieso  experiments  with  some  detail,  particu- 
larly as  the  methods  euiploycd  will  be  found  applicable  to  other 
cases  of  gas  analysis,  where  small  cliauges  in  a  given  volume  of 
gas  have  to  be  estimated. 

Before  filling  it  with  oxygen,  a  sealed  capsule  oontaining  a  solu- 
tion of  iodide  m  potassium  was  introduced  mto  the  mimaiy  vessel, 
while  the  auxiliary  contained  the  dry  gas  only.  The  silent  dia- 
charge  was  passed  through  the  former,  and  the  contraction  care- 
fully observed.  The  capsule  was  then  broken,  and  the  solution 
agitated  in  the  primary  vessel  for  a  few  seconds.  The  siphon  tube 
was  next  cut  off,  and  tlie  liquid  carefully  washed  out  and  analysed 
by  means  of  a  weak  solution  of  sulphurous  acid,  the  exact  strength 
of  which  had  been  immcdiat(4v  before  determined  bv  observing  the 
amount  required  to  decolorize  a  solution  couiainiug  a  known 
weight  of  icndine. 

m  some  of  the  experiments  the  solution  of  iodide  of  potassium 
was  slightly  acidulated|  in  the  othen  it  was  neutraL  In  the  latter 

2  A  2 
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case  it  was  acidulated  before  being  analysed.  The  results  were  the 
same,  whether  the  solution  was  taken  in  the  neutral  or  in  the  acid 
state.  For  although  oxygen  gas  acts  upon  an  acid  solution  of 
iodide  of  potassium^  the  action  requires  time^  and  the  contact  in 
this  case  was  only  continued  for  a  few  seconds.* 

The  formula  by  which  we  calculated  the  results  of  theae  expen- 
ments  may  be  thus  iiiTestigated : 

Let  f,  g  (fig.  1)^  be  the  mean  levd  ef  the  «cid  in  the  legs  of  the 
siphon  tahe ;  the  kreb  at  anj  timei  t  being  the  terapenilue« 
and  n  the  barometric  pr(^ssure  corrected  for  temperatuve.  XnA 
also  ge^fd^Xf  and  let  U  be  the  length  of  a  tube  similar  to  the 
siphon  tube,  and  whose  capacity  is  equal  to  that  of  the  reservoir 
and  of  the  siphon  tube  to  /.  Let  a  be  the  hei^^ht  of  a  barometer 
containing  the  liquid  in  the  siphon  tube,  p  the  pressure  of  the  gas  • 
in  tlie  vessel,  and  V  the  volume  of  the  gas  reduced  to  O''  C.  and 

7(50  iiiillims. 
Then  evidently. 

Bat 

hence 

is  a  constant  quantity.  Taking  the  logarithmiQ  diffesential^  m 
have 

a 

Now  -^aB  —  ie  multiplied  by  ^> «  qoM^tiiy  rarely  cotfeedingTiv* 

To  this  degree  of  a^roximation^  then^  at  leatit, 

•  Baumert  has  ohjccted  on  this  ground  to  some  of  the  experiments  in  a  formtr 
communication  made  by  one  of  us  to  the  Society.  We  have  foynd  that,  in  the  cir- 
comstaaces  in  which  those  Azperimente  were  performed,  about  one-twentietii  of  th« 
effect  mw  duo  to  this  cause ;  but  as  the  oxygen  acting  on  the  solatien  ot  io4fde  oC 
potassium  set  free  itl  equiraient  of  iodine,  the  equality  of  the  numbers  given  in  that 
paper  could  not  be  disturbed  by  this  action.  Wo  hare,  tiince  that  time,  by  addi« 
tional  viperiments,  fiilly  oonlinncd  the  italeiiMiil  that  ao  mtv  to  pwdaw4  ia  <kA 
dettraeUoii  of  alifteoljrtlo  oiqim  bj  imL 
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If  V^,  H  ,  a^^  represent  for  the  auxiliary  vessel  the  quantities  oor- 
lefipoudiug  toYf  H.,  m  in  the  primary^  we  have^  since  ^V^=0, 


J£  M,,^U.,  I.  e.  if  l^e  primaiy  and  auxiliary  vessd*  be  of  nmilar 
dimennonSy  we  lia?a  at  once,  fam  (1.)  and  {2,),  » 

 (8.) 

If  the  venela  be  not  similar,  let 
then  inatead  of  (3.)  we  have 

+   (4.) 

Formula  (8.)  or  (4.)  gives  the  change  of  volume  in  the  gaa,  as 
deduced  £roin  the  obsienred  change  in  the  levels  in  the  siphon 
tube. 

For  the  estimation  of  the  portion  of  the  gas  (S^V)  taken  up  as 
ozone  by  the  solution  of  iodide  of  potassium,  let  C  be  the  capacity 
of  the  primary  vessel  to  /  in  litres,  s  the  number  of  measures  of 
sulphurous  aind  required  to  decolorize  the  solution  when  washed 
oat  of  the  vessel,  S  the  number  xequnred  io  deeolime  1  grm.  of 
Thenire  have,  evidently^  as  a  sufficient  approximation, 

I* 


BY_  15-8S 
V      1-4367C;>  ' 

(i+<i<)7ao 

If  we  sappose  ozone  to  be  allotropic  oxygen,  with  a  relative 
density  e  1 1,  then  B,V  of  oxygen  contracts  to  ^  on  being  changed 
into  ozone.    Hence  on  this  hypothesis, 

By  e 

In  Older  to  verify  this  method,  two  similar  vessels  were  filled 
with  pure  oxygen,  one  containing  a  capsule  filled  with  a  neutral 
solution  of  io&de  of  potasainm,  the  other  a  ci^ule  Med  with  an 
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acidulated  solution  of  the  aanic  salt,  aiid  of  precisely  the  same 
strength.  The  neutral  adntion  was  also  introdueed  into  the  siphon 
tabes  of  both  vessels.  After  breaking  the  capsules,  the  IotoIb  were 
ready  and  the  vessels  set  aside  fi>r  some  days ;  at  the  end  of  which 
time  it  was  fbnnd  that  a  portion  of  oxygen  gas  had  been  ab<«orbed 
in  the  primary  vessel  which  contained  the  acid  solation^  while  no 
change  had  occnrred  in  the  other.  The  levels  were  now  read  agaillj 
and  the  solutioii  in  the  primary  vessel  analyzed. 

The  weight  of  the  oxygen  absorbed,  as  calculated  by  the  fore- 
going fornmhe  from  the  volumetric  change,  was  0  0002 188  grm., 
while  its  weight  deduced  from  the  analysis  was  ()  (K)0:21S1  grin. 
The  close  agreement  between  these  numbers  sliows  that  the 
method  is  susceptible  of  ccmsiderable  accuracy. 

The  following  Table  contains  the  results  of  six  experiments 
made  in  the  manner  above  described.  The  primarjr  and  auxiliary 
vessels  were  carefully  constructed  of  similar  dimensions,  and  were 
found,  oTi  trial,  to  work  aocorately  together,  so  that  formula  (3.) 
was  directly  applicable. 


I. 

II. 

III. 

IV. 

V. 

YI. 

in  in. 

mill. 

mm. 

mm. 

mm. 

31-5 

—18-5 

-48-0 

^510 

890 

81  0 

180 

—  2-25 

—  6-5 

—  9  75 

—  8-25 

2x. 

4-0 

88-5 

—  0-5 

16*6 

72-5 

650 

Six*  9k), 

—78-0 

—  2-75 

— 55-25 

—  .';-o 

—  390 

—27-5 

C. 

0-0888 

00806 

0-0288 

U-U279 

0-0269 

00346 

A 

••1 

5*4 

SI 

4-5 

4*5 

grm. 

grm. 

grm. 

grm. 

grm. 

gnu. 

I. 

0-0268 

0-0684 

0  0442 

0  0674 

0-0446 

00621 

B. 

22-6 

47-95 

30  85 

49-5 

36-8 

44-48 

nun. 

mm. 

mm. 

mm. 

mm. 

mm. 

n. 

777-0 

772-6 

763-0 

751-0 

747-2 

751-0 

t. 

11-0  a 

18-45  C. 

9°-l  C. 

9°-8  C. 

14'-0  C. 

14''-7C. 

1 

O-O000S5 

0D00024 

0-000026 

0*000026 

0-000027 

0-00008S 

0-932 

0-988 

0-047 

0-927 

0-052 

0-983 

On  comparing  these  experiments  with  the  foregoing,  it  will  l)e 
observed  that  they  do  not  give  exactly  the  same  result.  In- 
terpreted as  they  stand,  they  iiuUcate  a  density  for  ozone,  if  we 
may  use  the  expression,  more  than  infinite,  inasmuch  as  the 
quantity  of  oxygen  deduced  tnm  the  analysis  is  less  than'  that 
corresponding  to  the  contrsction  observed.  But,  although  every 
precaution  was  taken  to  avoid  all  sources  of  uncertainty,  it  is  not 
improbable  that  this  difference  between  the  amount  of  oxygen 
deduced  from  the  contraction  and  from  the  analysis  may  arise  from 
a  slight  defect  in  some  of  the  data,  particularly  as  it  would  only 
involve  an  error  of  the  order  of  yihto*'^'     ^^^^  entire  gas. 

Taking  the  mean  result  of  the  three  series  of  experiments  as 
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they  stand,  it  gives,  on  the  allotropic  hypothesis^  ahnost  exactly  aa 
iufiiiitc  density  for  ozone. 

5.  Tbe  oommonlj  received  statement,  that  the  whole  of  a  given 
Tolnme  of  dry  oxygen  gas  can  be  oonTerted  into  osone  by  tbe 
passage  of  electrical  sparks,  is  erroneous.  In  repeated  trials,  with 
tubes  of  different  farms  and  siaes,  we  fonnd  that  not  more  than  one- 
twelfth  of  the  oxygen  could,  under  the  most  favourable  dream- 
stances,  be  converted  into  ozone,  even  by  the  silent  discharge,  and 
a  much  smaller  proportion  by  the  action  of  sparks.  But  if  tlie 
ozone  is  removed  as  fast  as  it  is  produced,  the  conversion  may  be 
carried  on  indefinitely.  An  apparatus  was  constructed  of  the  fcrm 
shown  in  hg.  7.    At  a,  b  two  tine  platuium  wires  were  hermetically 


Fig.  7. 

f 


sealed  into  tbe  glass ;  at  c  there  was  a  solution  of  iodide  of  potas* 
sium,  and  de  was  filled  with  fragments  of  fused  chloride  of  calcium 
which  allowed  the  ozone  to  pass  freely,  but  arrested  the  vapour  of 
the  solution ;  so  that  while  the  discharge  always  took  place  in  pure 
and  dry  oxygen,  the  ozone  was  gradually  absorbed.  The  volumetric 
change  was  measured  by  the  readings  of  the  sulphuric  acid  in  the 
siphon  tube  fff  sealed  at  g.  The  experiment  was  continued  till 
five-lwelfths  of  the  oxygen  (whose  entire  volume  was  about 
12cnb,  eent.)  was  absorb^,  and  the  action  was  still  going  on.  It 
was  not  considered  necessary  to  persevere  farther,  as  the  labour  of 
taming  tbe  machine  was  very  great.  To  produce  the  effect  just 
mentioned,  the  discharge  from  the  machine  in  excellent  order  had 
to  be  passed  through  the  tube  for  twenty-four  hours. 

When  tbe  electncal  discharge  is  passed  through  rarefied  oxygon, 
the  phenomena  are  apparently  the  same  as  with  the  gas  at 
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the  common  pressuie  of  tlie  atmosphere.  We  filled^  a  vessel 
vith  oxygen^  and  exhausted  it  till  the  pressure  was  equal  to 
1  inch  of  mercury,  in  the  hope  that  in  this  rarefied  state  a  lareer 
portien  ci  the  oxygen  might  he  ooiiTerted  into  osene  thnt  under 
||rsatet  pmiiirei,  bnt  thia  did  not  prove  to>  he  the  caae.  We 
mtend  on  a  Hsliire  occasion  to  pursue  this  part  of  the  Inquify,  and 
to  examine  particularly  the  effects  of  the  electrieal  dtacftaigo  on 
oxygen  in  different  states  of  rarefaction  and  condensation. 

Ozone,  obtained  by  electrolysis,  gave  results  nearly  similar  to 
those  already  described.  As  the  volnme  of  the  oxy^^en  gas  from 
which  the  ozone  was  derived  could  not,  in  the  case  of  electrolytic 
ozone,  be  observed  directly,  it  was  estimated  indirectly  by  placing^ 
three  vessels  in  line^  and  passing  the  same  stream  of  electrolytic 
oxygen  throneh  them  alL  By  heating  the  first  and  last  veasels  to 
SOCrC,  and  ohaerving  the  ezpaiinoil  prodnoed  in  each«  it  waa  easy 
to  calculate  the  expansion  which  would  have  occurred  in  the 
middle  yeaael,  if  it  had  been  exposed  to  similar  treatment.  Thia 
expansion  waa  assumed  to  be  eqnal  to  the  contraction  which  occurs 
when  ozone  is  produced  from  oxygen  by  means  of  the  electrical 
discharge.  Finally,  the  actual  amount  of  ozone  in  the  middle 
vessel  was  determined  by  introducing  a  solution  of  iodide  of  potas- 
sium, and  ascertaining  by  analysis  the  amount  of  iodine  set  free. 
The  individual  experiments  with  electrolytic  ozone  did  not  agree 
so  well  with  one  another  as  those  performed  with  ozone  prepared 
by  the  discharge.  This  arose  partly  from  tbe  veiy  smsU  quantity 
of  oBone  in  electrolytic  oxygen^  hut  chiefly  from  the  irregularity 
in  that  quantity  at  different  times,  even  when  the  current  was 
passing  very  steadily,  which  made  it  difficult  to  ascertain  with 
certainty  the  expansion  due  to  the  oaono  in  the  middle  veaseL 
Our  earlier  res\ilta,  indeed,  gave  a  measural)le  volume  for  ozone, 
and  as  a  first  approximation  we  obtained  the  number  4  as  express- 
ing its  density.*  But,  by  multiplying  our  cxperimenta,  and  taking 
all  possible  precautions  to  ensure  accuracy,  we  found  that  electro- 
lytic ozone,  like  that  pruduct^d  by  the  diiicharge,  has  no  appreciable 
ToJkime. 

Qaone  is  not  oondensed  at  cfimmon  pNasuraa  the  odd  pt9m 
daced  by  a  adxtnxe  of  solid  oavbomc  add  and  etbos.  ▲  ateeaia 

of  electrolytic  oxygen^  passed  very  sbwly,  first  thiou^  a  U-tube 
auriounded  by  snow  and  salt^  and  next  through  a  spiral  tubft 
immersed  in  the  carbonic  acid  and  ether  bath  ( —  76°  C),  under'* 

went  no  change.  The  ozone  reactions,  as  the  g-as  issued  from  the 
tube,  after  cxposui-e  to  this  low  tmpen^Hirc^  wttse  as  steoog-as 
hefofe  it  entered  the  bath, 

*  I'roceediogs  of  th«  fiojal  S<KSM4gr«  toUtuv  p*  498^  and  ytiL  ix,  QMt 
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6.  Hydrogen,  prepared  with  care  by  the  action  of  dilute  sulphuric 
acid  recently  boUed  on  zinc,  and  purified  by  passing  through  three 
U-tubes  containing  corrosive  sublimate  in  solution,  hydrate  of 
potash,  and  sulphuric  acid,  respectively,  and  finally,  in  order  to 
MBOve  tlie  lurl  tnoe  «f  oxygen,  through  a  tvher  fiDed  wfth  metallie 
copper  heated  toi  redness,  wae  Ibmd  not  fo  lie  altend  in  volume, 
einier  bythe  vpmthB  et  hf  tlie  ntest  dfadiage.  It  appemterbeft 
much  better  coBdvetor  m  electricity  than  oxygen. 

With  Nitrogen,  prepaied  in  the  usual  way  by  doming  atmo- 
spheric air  of  its  (»y|eB>  by  neua  of  heated  copper,  the  zeMhs 
%rere  also  nr«rative. 

Among  the  compound  gases,  Carbonic  Acid  is  rapidly  decom- 
posed by  the  spark,  slowly  by  the  silent  discharge;  in  both  cases 
expansion  takes  places. 

Cyanogen  is  at  once  decomposed  by  the  spark  with  deposition  of 
carbon  (?) ;  but  presents  so  great  a  resistiMsee  to  the  psttage  of 
ijMannAf,  tbat  tiio  actaon  of  tilo  iBeiiC  duefaaige  conkf  not  be 
aMvtodaed  witb  eerlafai^. 

fmioMe  of  Nitrogen  is  reiidily  attacked  by  tbe  spark,  vith 
formation  of  hyponitrie  add,  whose  characteristic  red  colour  ia 
distinctly  8eei>.  The  primary  result  of  the  spark  action  is  expan- 
sion, but  on  allowing  tho  gas  to  stand,  it  gradually  coiitrncts,  in 
consequence  of  the  absorption  of  the  hyponitric  acid  gas  by  tlie  ^ 
sulphuric  acid  in  the  siphon  tube.  It  is  impossible  to  determine 
the  precise  amount  of  the  first  expansion,  as  a  certain  amount  of 
absoiption  occurs  at  the  same  time ;  but,  in  one  imperfect  trial, 
tiia  ratio  between  tbe  expansion  and  the  subsequent  contraction 
1M  nearly  cf  1  rS.  This  cettei^eiidft  to  die  eonTerrion  of 
S  tidii  of  pTotomdo  of  nitrogen  into  4  toIs.  of  hyponitric  acid'  gas 
mdCiodib  of  nikrageBk  The  silent  dMiarge  appears  to  produce 
the  same  result  as  the  spark,  but  as  the  action  it  slower,  the 
absorption  interfisres  with  any  attempt  to  detennine  aecitiatdy  the 
primary  expansion. 

Deutoande  of  Nitrogen  presents  the  interesting  example  of  a  com- 
pound gas,  which,  under  the  influence  both  of  the  spark  and 
silent  discharge,  undergoes,  like  oxygen,  a  diminution  of  volume. 
This  is  independent  of  the  subsequent  absorption  of  the  hyponitric 
acid  formed.  Thia  gas  is  remarkable  for  the  facility  with  which  it 
ia  deeomposed  by  hSth  Ibnna'of  diacbarge.  Hie  paseage  of  sparks 
te  two  niiaiilce>  tbroog^<  a  tabe  contidning  abont  6  cnb.  cent., 
piodiiBed  a  contraction  of  tbo  gaa  to  nino-tntbs  of  its  or^ginaE 
volume,  followed  after  some  tfiue  by  a  contraction  not  quite  double 
of  the  former^  from  the  absorption  oi  the  hyponitric  add  gas.  On 
continuing  to  pass  sparks  till  the  decomposition  was  finished,  and 
waiting  till  the  hyponitric  acid  gas  was  completely  absorbed,  the 
nmdae  amoontad  to  a  lii^tia  mssto  than  ono-foorth  of  the  originai 
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gas.  This  residue  consisted  of  a  mixture  of  11  Tob.  nitrogen,  and 
1  ToL  oxygen.  It  is  evident  thai  the  6nel  result  it  a  litde  com- 
plicaAedj  but  there  can  be  little  donbt  that  tiie  action  of  the  spark  is 
to  convert  8  vols,  of  deutozide  of  nitrogen  into  4  vols,  of  hyponitric 
add  gas^  and  2to1s.  of  nitrogen.  This  deoomposit  lon  may  be  due 
to  the  immediate  action  of  the  discharge;  or  the  deutoxide  of 
nitroji^rn  may,  in  the  first  instance,  be  resolved  into  equal  volumes 
of  uitrogen  and  oxygen,  the  latter  combining  as  it  is  formed  with 
undecomposed  deutoxide*. 

Carbonic  Oxide  has  given  results  of  great  interest,  tlie  investi- 
gation of  which  has  already  occupied  a  considerable  time,  alihough 
it  is  not  yet  completed.  The  principal  facts  have,  however,  been 
already  ascertained^  and  as  they  present  some  remarkable  anido^ea 
to  those  already  described  in  the  case  of  oxygen,  we  shidl  briefly 
allude  to  them  here,  reserving  the  complete  investigation  for  a 
future  communication. 

The  carbonic  oxide  was  prepared  by  heating  oxalic  acid  with  an 
excess  of  sulphuric  acid,  and  absorbing  the  carbonic  acid  by  means 
of  a  stroufT  solution  of  hydrate  of  potash.  The  gas,  as  it  escaped 
from  the  end  of  the  apj)aratus,  did  not  produce  the  slightest 
turbidity  in  lime  or  baiyta  water,  and  was  completely  absorbed  by 
an  ammoniacal  solution  of  the  .suhchloridc  of  copi)er. 

On  exposing  this  gas  to  the  action  of  the  silent  discharge,  a 
'  steady  contractioii  tcxik  place,  and  the  sniftce  of  the  positiva 
platina  wire  became  covered  with  a  continnons  deposit  of  a  hrome 
colour.  After  some  time,  a  trace,  bat  only  a  trace,  of  the  same 
deposit  appeared  at  the  point  of  tlie  negative  wire.  If,  after  a 
contraction  of  60  millims.  or  60  millims.  of  the  siphon  tube  had 
been  obtained,  a  few  electrical  sparks  were  passed  through  the  gas, 
the  greater  part  of  tlic  contraction  was,  as  in  the  case  of  oxygen, 
destroyed.  Heat  acted  in  the  same  direction,  but  did  not  restore 
the  gas  altogether  to  its  original  volume. 

On  continuing  to  pass  tlie  silent  discharge,  the  gas  continued  to 
contract,  and  the  deposit  to  increase  on  the  positive  wire.  Por- 
tions of  the  same  deposit  were  idso  scattered  about  the  sides  of 
the  tube,  being  probably  thrown  off  from  the  same  wire.  The 
experiment  was  in  some  cases  continued  till  the  gas  had  contracted 
to  about  one-tlii  1(1  of  its  original  volume.  To  effect  this  contrac- 
tion, the  machine  bad  to  be  worked  for  sixty  hours.  The  residual 
gas  consisted  of  carbonic  acid,  oxygen,  and  undecomposed  carbonic 
oxide.  A  similar  deposit  was  obtained  when  the  dischartre  took  place 
between  gold  instead  of  platinum  wires.  This  deposit  appeared  to 
be  soluble  in  water.  Its  quantity  was  so  small  that  direct 
analysis  was  altoc^cther  impossible.  Its  composition  may,  how- 
ever, be  detcrmiut'd  by  fixing  with  precision  the  ratios  of  the 
volumes  of  the  carbonic  acid  and  oxygen  produced.   We  have  suc- 
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ceeded  in  devising  a  method  by  wlxich  this  analysis  may  be  effected 
even  with  less  than  ()'5  cub.  cent,  of  the  mixed  gases,  but  this  part 
of  the  investigation  is  still  unfinished. 

Atmospheric  Air  la  the  only  gaseom  mixture  wliidi  we  have 
ezpoeed  to  tiie  action  of  the  Bilent  discharge.  LiKlo  pure  oxygen, 
it  undergoes  a  diminntion  of  Tolome ;  but  the  operation  is  more 
qmckly  terminated  and  the  contraction  is  lest  than  with  that  gas 
Sione.  1£,  after  the  passage  of  the  discharge,  the  vessel  be  set 
aside  for  some  hours,  the  contraction*  will  be  found  to  augment ; 
and  if  the  gaseous  mixture  be  now  again  exposed  to  the  action  of 
the  discliargc,  a  further  contraction  will  take  place.  On  the  other 
hand,  heat  destroys  a  portion  only  of  the  contraction  at  first  pro- 
duced. All  these  facts  are  easily  explained  from  the  simultaneous 
formation  of  ozone  and  of  one  of  the  higher  oxides  of  uitrogeu,  and 
the  marked  influence  of  the  latter,  when  formed,  in  amstiug  the 
formation  of  the  former.  To  the  same  cause  we  have  succeeded 
in  referring  an  apparently  anomalous  state  of  oxygen,  produced  hj 
passing  a  stream  of  strong  electrical  sparks  mr  some  minutes, 
through  that  gas  containing  a  trace  oi  nitrogen.  The  oxygen 
becomes  by  this  treatment  incapable  of  contracting  or  of  changing 
into  ozone  under  the  action  of  the  silent  discharge,  and  only 
recovers  its  usual  condition  hy  exposure  to  heat  or  by  standing 
for  some  hours.  If  the  nitrogen  amounts  to  not  more  than  tttm.^Ii 
of  the  entire  volume,  this  condition  cannot  be  produced  more  than 
two  or  three  times.  At  first  we  supposed  it  to  be  a  new  (passive) 
state  of  oxygen,  but  we  have  now  no  hesitation  in  referring  it  to 
the  presence  of  a  trace  of  hyponitric  add  gas  produced  by  the 
electrical  sparks. 

7.  It  is  perhaps  premature  to  attempt  a  positive  eij^lanatioa  of 
the  fiicts  now  described  regarding  ozone.  The  fbaregomg  investi- 
l^afcaon  into  its  volumetric  relations  has,  for  the  moment,  rather 
increased  than  diminished  the  diflBculty  of  determining  the  true 
nature  of  that  body.  To  reconcile  the  experimental  results  with 
the  view  that  ozone  is  oxygen  in  an  allotropic  form,  it  is  necessary 
to  assume  that  its  density  immensely  exceeds  that  of  any  known 
gas  or  vapour;  being,  as  we  have  seen,  according  to  the  first  and 
second  series  of  expeiimcnts  (§J  3  and  4),  from  fifty  to  sixty  times 
that  of  oxygen,  and  according  to  the  third  series  (§  4)  absolutely 
infinite.  Even  the  former  results  would  make  it  only  six  times 
less  dense  than  the  metal  lithium^  and  would  place  it  rather  in  the 
class  of  solid  or  liquid  bodies  than  of  gaseous.  The  question  may 
then  be  fairly  proposed, — Can  this  singular  body,  at  common 
temperatures  be  actually  a  solid  or  liquid  substance,  wliose 
particles,  in  an  extremely  fine  state  of  subdivision,  are  suspended 
in  the  oxygen  with  which  it  is  always  mixed  ?  This  question  will 
scarcely,  we  think^  admit  of  an  affirmative  answer.   Not  only  does 
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ossone,  mixed  as  usual  with  oxyp:en,  pass  through  several  U-tubea 
containing  fragments  of  pumice  moiiiteued  with  sulphuric  acid^ 
but  it  exhibits  its  characteristic  leactioiis  when  left  fcv  immij 
boon  in  tabes  of  this  kincl.  Besides,  there  is  not  tbe  slightest 
dood  virible  in  a  tube  filled  with  oxygeuj  even  when*  one^twelAb 
of  the  gas  has  been  converted  into  done,  nor  does  anj  dqpeeit 
appear  after  long  standing. 

Ozone  may  be  formed  under  conditions  which  exclude  the  possi- 
bility of  its  containing,  as  a  constituent,  any  element  except 
oxTircn,  or  the  elements  of  oxygen,  if  that  body  should  hereafter 
be  shown  to  be  compound.  As  has  been  before  stated,  our  experi- 
ments may  be  reconciled  with  the  allotropic  view  and  an  ordinary 
density,  but  still  one  greater  than  that  of  oxygen,  if  we  assume 
tbat  when  ozone  comes  into  contact  with  such  substances  ae  iodine, 
or  Bcdations  of  iodide  of  potassium,  one  porticm  of  it,  ne^aaning  tbe 
■gaseous  fcnrm,  is  changed  back  into  cominon  oxygen,  while  the 
lemainder  enters  into  combination ;  and  that  these  axe  so  related 
to  one  another,  that  the  eipansion  due  to  the  former  is  exactly 
equal  to  the  contraction  arising  from  the  latter.  We  do  not, 
however,  consider  this  sup|>o8ition  to  be  by  any  means  probable, 
nor  cixn  it  be  easily  reconciled  with  the  results  (§  3)  obtained 
when  mercury  acts  on  ozone. 

Tf  we  consider  the  conditions  under  which  ozone  is  formed,  we 
shall  find  them  to  be  different  from  tliose  which  produce  allotropic 
modifications  in  other  cases.  Such  elements,  for  example,  as 
phoepbonis  or  snlphur,  are  modified  by  the  action  of  beat,  and  not 
hy  ibe  electrical  discbarge.  It  ii  truci  at  the  same  time,  that  the 
destruction  of  onme,  or,  on  the  allotropic  view,  its  reconvenMMH 
into  oxygen,  by  exposure  to  a  temperature  of  270^  C,  is  appa- 
rently analogous  to  that  action  of  heat  whereby  common  pnoa- 
phorus  is  converted  into  the  red  variety. 

Without  rejecting  the  allotropic  constitution  of  ozone,  although 
the  results  of  our  volumetric  experiments  arc  certainly  difficult  to 
reconcile  with  it,  it  may  not  be  uninstriictive  to  consider  whether 
the  facts  already  known  admit  of  a  dilferent  explanation.  As 
ozone  is  formed  finom  pure  and  dry  oxygen  by  the  electrical 
disebarge,  if  it  is  not  an  allotropic  form  of  oxygen,  the  latter  must 
be  either  a  mechanical  mixture  of  two  or  more  gases,  or  it  nrast 
be  a  compound  gas.  It  is  perhaps  scarcely  necessary  to  consider 
the  former  hypotiiesis,  according  to  which,  oxygen,  in  its  ordinary 
state,  would  be  a  mechanical  mixture,  as  atmospheric  air  is  a 
mixture  of  nitrogen  and  oxygen.  The  contraction,  which  occurs 
when  the  ( Icctrical  discharge  is  passed  through  oxygen,  is  at  first 
sight  indeed  favoural)le  to  such  a  supposition,  inasmuch  as  the 
combination  of  gases  is  usually  aceom})anied  either  by  a  diminu- 
tion, or  no  chauge  of  volume.    But  we  have  not  been  able  to 
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discovar,  in  its  other  reactions,  any  facts  whicli  oonnteiiaace  thit 

otherwise  improbable  view  of  the  constitution  of  o-Ky^c.n  ^as. 

Finally,  it  remains  to  be  considered,  whether  in  the  lorujation 
of  ozone,  oxygen  does  not  undergo  a  more  profound  molecular 
change  than  is  involved  in  an  allotropie  modification,  whether,  in 
short,  this  supposed  element  may  not  be  actually  decomposed.  If, 
for  the  momeiitj  we  eouhiic  our  attention  to  the  phenomenja  which 
present  themselVes  when  the  electrical  diBcharge  is  passed  tbxongli 
oxygen,  tlos  attraotire  h7potIiieBi»  iriU  be  found  to  tonisli  aflynple 
and  i^Miaible  ezplanatkn  of  tiiem  alL  It  wiU  be  observed  at  onoe 
that  the  conditions  under  vbich  ozone  is  fomed  from  oxygen  by 
theelectrical  ^d/uAuofgc^  arepiaeiBely  those  under  which  other  gaaei^ 
known  to  be  compound,  are  decomposed.  The  electrical  current 
is  one  of  very  high  intensity,  and  tliercfore  very  fuvourable  to 
decomposition  :  wlien  passed  in  the  form  of  the  silent  discharge, 
a  large  contraction  takes  phice  in  the  volume  of  the  gas,  which  is 
partially  destroyed  by  a  few  Llcctrical  sparks,  and  wholly  by  heat. 
With  nitrogen  and  hydrogen  no  similar  eilects  are  observed,  the 
-voltune  of  these  gaaea  being  quite  unaffected  by  either  Ibrm  of 
discharge. 

The  behavumr  of  carbonic  oxide,  when  exposed  to  the  action  of 
the  silent  and  spark  dischai'ge,  corresponds  remarkably  to  that  of 
oxygen :  the  latter  form  of  discharge*  while  prodocing  itself  only  a 
limited  contraction  in  carbonic  oxide,  destroying  a  part  of  the 
contraction  produced  by  the  former.  Again  w  hen  deutoxide  of 
nitrogen  is  exposed  to  the  action  of  the  same  agents,  an  immediate 
contraction  takes  place  without  any  solid  or  liquid  product  being 
formed,  showing  that  in  certain  casts  of  gaseous  decompositions, 
the  resulting  gases  occupy  a  smaller  volume  than  the  original 
compound. 

If  we  assume  that  oxygen  is  xesblved  by  the  electrical  dischsaipe 
into  a  new  compound  (osone),  containiog  the  same  constituents 
as  the  oxygen  itself,  but  in  a  difTerait  proportion,  and  into  one  of 
ihe  constituents  themselves,  in  the  same  manner  as  carbonic  aci4 
is  resolved  into  carbonic  oxide  and  oxygen,  or  nitric  oxide  into 
hyponitric  acid  and  nitrogen,  the  results  of  our  experiments  will 
admit  of  an  easy  cxplanntion.  One  of  the  simplest  suppositions 
we  can  make  for  this  purpose  is,  that  two  volumes  of  oxygen  con- 
sist of  one  volume  of  U  and  one  volume  of  V,  united  without 
condensation  (U  aud  Y  being  the  supposed  constituents  of  oxygen), 
and  that  one  volume  of  oxone  oonsiats  of  two  rolnmes  of  U  and 
one  Tolnme  of  Y :  and  further,  that  by  the  action  of  heat,  iodine, 
&C.J  o^one  is  resolved  into  U  and  oxygen. 

The  i^pearance  of  ozone  at  the  positive  pole  in  the  electrolysis 
of  water,  and  its  formation  by  the  agency  of  so  active  a  body  as 
Qf^aofxj  libo^p^prus,  do  not  seem  nn&voniable  to  its  being  the 
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result  of  decomposition.  But  the  same  observation  will  not  apply 
to  its  production  by  the  action  of  acids  on  such  bodies  as  the 
peroxide  of  barium.  We  certainly  should  not  have  exprctcd  to 
sec  a  body  derived  from  the  decomposition  of  oxygen  produced 
ui:der  the  latter  circumstances,  and,  although  the  facts  connected 
nith  its  production  in  these  cases  have  not  been  studied  with 
predrion,  yet  there  appcan  to  he  no  doubt  that  o«me  is  actually 
formed. 

We  must  in  ooncliuion  add,  that  the  few  attempts  we  have  made 
to  isolate  either  of  the  supposed  oonstituents  of  oxygen  have  failed. 

We  are  still  continuing  to  prosecute  this  inquiry,  and  hope  on  a 
future  occasion  to  lay  before  the  Society  the  results  of  further 
experiments  which  are  now  in  progress. 


Fig.  8. 


Note,  added  July  12,  18G0. 

It  having  been  suggested  that  a  certain 
amount  of  the  contraction  produced  by  the 
passage  of  the  clccliical  discharge  through 
tubes  containing  oxygen  might  arise  from  the 
action  on  that  gas  of  the  platinum  wires,  or 
of  finely  divided  platinum,  which,  as  in  Mr. 
Gsissiot's  experiment,  might  be  thrown  off 
by  the  action  of  the  discharge,  we  have  made 
the  following  experiment,  in  order  to  ascertain 
whether  such  an  action  could  have  occurred  in 
the  conditions  under  which  we  operated. 
Before  describing  the  experiment,  it  may  be 
proper  to  state,  that  in  the  passage  of  the  dis- 
charge of  the  electrical  machine,  there  is  no 
visible  s«»aration  of  metallic  platinum,  as  in 
that  of  the  discharge  from  the  induction  cml. 
nor  other  evidence  of  the  wires  being  acted  on; 
on  the  contrary,  both  the  wires  and  tube  retain 
their  original  appearance  after  having  been 
frequently  exposed  to  tlie  alternate  action  of 
the  discharge  and  of  heat. 

A  vessel,  of  the  form 
annexed  figure,  was  filled 
oxygon.  It  differs  from 
employed  only  by  having  the  lower  end  of  the 
reservoir  drawn  out  into  a  capiUary  tube  a  b, 
'The  platinum  wires  were  inserted  as  usual,  and 
an  auxiliary  vessel  of  the  same  size  and  form 
was  filled  with  dry  air.  Afler  determining  the 
oompaifttive  range  of  the  two  vends,  the**' 


represented  in  the 
with  pure  and  dry 
the  tubes  usuallv 
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reservoirs  were  exposed,  in  the  apparatus  before  described,  to  a 
temperature  800°  C.,  in  order  to  bring  them  as  exactly  as  |K)ssi})le 
into  the  same  condition.  WJjcn  thcv  had  cooled,  the  levels  of  the 
acid  in  the  siphon  tubes  were  again  read,  and  the  silent  discharge 
was  afterwards  passed  through  the  primary  vessel  till  a  oontractiou 
of  twenty-seven  millims.  was  obtained  in  its  siphon  tube.  The 
extremity  of  the  capUary  tube  of  the  reservoir  was  next  cut  off  at 
a,  and  the  end  of  the  siphon  tube  d,  which  had  the  form  repre- 
sented in  the  figure,  was  dipped  under  sulphuric  add.  The  open 
end  at  a,  was  now  connected  with  an  appaiatusy  which  supplied  a 
slow  stream  of  carefully  dried  air,  and  this  was  allowed  to  pass  till 
the  ozone  and  oxygen  originally  contained  in  the  tube  were 
entirely  displaced  by  the  dry  air.  It  is  obvious  that  by  this 
arrangement  the  ozone  wa.s  removed  while  the  platinum  wires  and 
the  inner  surface  of  the  tube  were  left  in  precisely  the  same  state 
as  after  the  passage  of  the  discharge.  The  tube  was  next 
sealed  off  at  c,  by  the  application  of  tiie  j)oint  of  a  fine  blowpipe 
flame,  the  current  having  been  arrested,  so  as  to  leave  the 
usual  column  of  sulphuric  aeid  in  the  siphon  tube.  In  sealing 
it,  care  was  taken  not  to  allow  the  air  in  e  to  become  heated. 
The  vessel  was  again  placed,  along  with  the  auxiliary,  in  the 
calorimeter,  and  the  levels  read.  The^  ends  of  the  siphon  tubes 
having  be^  first  sealed,  the  reservoirs  were  exposed  to  300°  C. 
An  expansion  should  have  taken  plaee  in  the  primary  vessel,  if  the 
platiuum  had  rctuinrd  oxygen  eapable  of  being  disengaged  at  300** 
C, ;  but  this  was  not  found  to  be  the  case.  The  change  of  level 
in  its  sulphuric  aeid  siphon  (corrected  by  the  auxiliary)  did  not 
amount  to  0*2  millims.,  a  degree  of  accuracy  rarely  attainable  in 
these  experiments. 
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0.  B.  Back  ton,  JSm^,  in  ihe  Chair. 

Rowlandson  Oartmell^  Esq.,  81,  Higk-streely  Borion-on* 
Treaty  waa  elected  a  Fellow  of  ike  Socielgr« 

Mr.  H.  C.  Sorbj  hod  hdon  the  mMtii^  aranl  aptdaeiH 

ittaatntiiiflr  the  artificial  nfodnetitM  of  Panmlwnrnha 

The  following  papen  vera  read  >^ 

"  On  the  discrepancies  in  the  statements  of  Pelouee  and  F. 
Mohr,  respecting  ^ubijyitj  of  UAUotaoitfc  acid  in  Ethefj'  bjr 
PiK^pssor  Bo  Hey. 

"  On  a  hitherto  onobserved  apovoe  of  Pasaffia,^  kf  PrQ&aaor 
Bolley. 

The  ^lUowing  denatioBa  were  amioiuieed  >— r 

*'Jahrbuch  der  kaiserlich-koniglichcn  g:eologischen  B^chsai^ 
atalt  in  Wiea,"  No.  4,  for  1859:  from  the  Institute. 

"Jahrbueh  der  Central-Anatalt  fiir  Meteorologie  tmd  £rd*' 
magnetismus  in  Wicn/'  Baud  VI ;  from  the  Institute. 

"  Denkschriften  der  kaiserlichen  Akademie  der  Wiaaensdiaften 
in  Wien,"  (math.-naturw.  Claase),  Band  xviii. 

Sitznngsberichte  deraelben/'  Band  xzzix,  Hefte  1-5,  tmd  1-12: 

from  the  Academy. 
Sitzungsberichte  der  koniglich-baeyrischen  Akademie  der 
Winenachalben,"  (math.-ph7aikay8che  Cbaae)  1860,  Hefte  1,  3 : 
from  the  Academy. 

"Bulletin  de  la  Clane  Phyaco-math^matique  de  PAcad6nie 
ImpSriale  dea  Sdencea  de  Saint  Ptoabourg^''  Tome  I,  Feuillea 
10-86:  from  the  Academy. 

"Memorie  dell'  Aeademia  delle  Sdenie  delT  Istitnto  di 
Bologna/'  Tomi  8,  9,  e  Ptorti    del  Tomo  10. 
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"^Bendiooiiti  ddl'  Aeadenua  deUe  Scieiise  ddl'  Istiiato  di 
Bologna,  1857-58^  e  1858-69     from  the  Academy. 

**Boletiii  de  la  Societa  de  Naturalistaii  en  Nucva  Grauada," 
1860 :  from  the  Society. 

"American  Journal  of  Science  and  Arts,"  for  May,  July  and 
JSieptember,  1860 :  from  the  Editoi*8. 

"Journal  of  the  Fraokiiik  luatitute^'^  June  to  October^  LB60 : 
the  Institute^ 

''Proceedings  of  the  Academy  of  Natural  Sci&noB»  ayt  Piul- 
adelphia,"  1860,  Nos.  (>-12  :  from  the  Academy. 

"  Proceedings  of  the  American  Philosophical  Society/'  1858j 
and  January  to  June,  1859 :  from  the  Society. 

''SmitluKmuia  Bcpost^''  lor  1868:  fion  Uko  Smisdiflaiiian 
Institution. 

"  First  Geological  Report  of  Arkansas  i**  preiented  lOuDQiQgli  the 
Smithsonian  Institution,  by  the  State  of  Aricansas. 

''Canadian  Jonnul/'  iufy  Begimha,  1860:  fimn  the 
^Canadian  Ivatitiito. 

''Memoin  of  tlie  Boyal  Astronomkal  Soeoi^**  YoL  XKVXII. 

^  Monthly  Notices  of  the  Boyal  Astronomicad:  Sodefy/'  No.  9, 
far  1860:  from  the  Society. 

^Ooartei^y  Jonnwl  of  the  Ornkgieal  Sodefy/'  No.  8,  for 
I860:  from  the  Society. 

''Cfaesacal  Newa^''  Not.  29^:  framihe Editor. 
Fhamaceutieal  Jomnal  and  -Traniaodonsj''  Julj  'to  Oetober 
I860:  from  the  Editor. 

"  Journal  of  tlic  Society  of  Arts/'  Nos.  396  to  401,  and  404  to 
4J8 ;  from  the  Society. 

•*'  Journal  of  the  Photographic  Society^"  July  to  October,  18G0 : 
from  the  Society. 

''  Literary  Gazette,"  Nos.  105  to  121 :  from  the  Publishers. 

"  Proceedings  of  the  Literary  and  PhilosG^hical  ^>ociety  of 
liverpool/'  1859-60  :  from  the  Society. 

"On  the  Lines  of  the  Solar  Spectrum,"  by  Sir  David  Brew- 
ater,  and  Dr.  J.  H.  Gladstone;  from  the  Authors. 

"  On  the  EIqc^  li^t  of  Mercury,"  Iqr  Dr.  J*  H.  Gladatone : 
from  the  Author. 
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NoYember  15th^  1860. 
FlrafiMaor  Brodie^  Fraiiden^  in  the  Chtir. 

The  foUowing  Gentlemeii  were  elected  FeOows  of  the  Society^— * 

J.  H.  Player,  Esq.,  Oldbury,  near  BirmiDgbam  ;  A.  Norman 
Tate,  Esq.,  Ruucoru  Gap,  near  Warrington  ;  Francis  Valentine 
Paxton,  Esq.,  B.A.,  Cbristcburcb  Oxford;  George  William 
Brown,  Esq.,  131,  Sancbieball-street,  Glasgow ;  Henry  Brunner, 
Esq.^  Royal  Institution  Laboratory^  Manchester. 

The  following  papers  were  read  : — 

"  On  the  oryitalline  form  of  Metallic  Chrominm/'  by  Professor 

Bollcy. 

"  On  the  odouring  matter  of  Persian  Berries,"  by  Professor 

Bolley. 

On  the  basic  Carbonates  of  Copper/'  by  Mr.  F.  Field. 
Dr.  Hofmann  made  a  communication  ''On  the  Sepamtion  of 
the  Volatile  Ethyl-alkaloida.*' 

The  following  donations  were  announced 

''Om  Sovandets  Bestanddde  og  deies  ?(Srderlmgi  B«n/t/*hf 
G.  Forchhammer:  from  the  Author. 

''  Redierches  sur  les  Rapports  reciproquea  des  Poida  tftomiqiieB/' 
par  J.  S.  8tas8 :  from  the  Author. 

''  Dn  Raisin  consid^  comme  MWcament/'  par  J.  C.  Herpin : 
from  the  Author. 

"  Bulletin  de  la  Classe  rbysico-mathematique  de  I'Acad^mie 
Imperiale  des  Sciences  de  Saint  Petersbourg,"  Tome  II,  feuiiles 
1-17 :  from  the  Academy.  ' 

"  Quarterly  Journal  of  the  Geological  Society^  No.  4/' 
1860:  from  the  Society. 

"Elements  of  Chemistry,"  by  William  Allen  Miller,  Part  II, 
"Inorganic  Chemistry:"  from  the  Author. 

"On  the  Volumetric  Relations  of  Ozone,  and  the  action  of  the 
Electric  Discharge  on  Oxygen  and  other  Gases/'  hy  Thomas 
Andrews,  and  P.  G.  Tait :  from  the  Authors. 

"  Chemical  News,"  Nos.  46-49 :  from  the  Editor. 

"Pharmaceutical  Journal  and  Transactions/*  for  November, 
1860:  from  the  Editor. 
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"  Photo^aphic  Joumaly''  for  November^  1860:  from  the  Photo- 
graphic Society. 

literary  Gazette/'  Noe.  122, 123 :  firom  tiie  PubliBhers. 

''Notices  of  the  ProoeediiigB  of  the  Meetings  of  the  Members 
of  the  Royal  Institution/'  1859-60. 

"JM  of  Membera,  OfBusen,  kc,  of  the  Boyal  Institation/' 
1869. 

"Additions  to  the  Library  of  the  Boyal  Institntion/'  from 
July  1859,  to  July  1860:  from  the  Eoyallnstitation. 


December  6th,  1860. 

Col.  Philip  Yorke,  Vice-President,  in  the  Chair. 

James  Barratt,  Esq.,  of  Coniston,  Windermere,  Westmore- 
land, was  elected  a  Fellow  of  the  Sodely:^ 

A  paper  was  read : 

On  a  new  Lead-salt  corresponding  to  Cobalt-yeUow,''  by  Mr. 
S.  D.  Hayes. 

Br.  Hofmann  made  a  commmdeation  On  the  prodnetion  of 
mixed  Amines,  Phoepbines,  and  Arsines/' 

The  following  donations  were  announced 

''Verhandlungen  der  natnrforschenden  Gesellschaft  in  Basel,'' 
2thTheil,  4ter  Heft:  from  the  Sodety. 

Jonmal  of  the  Franklin  Institate;,"  for  November  1860:  from 
the  Institute. 

''Joumsl  of  the  Society  of  Arts,''  Nos.  414-419:  from  the 

Society. 

"  Pharmaceutical  Journal  and  Transactions,"  for  December, 
1860:  from  the  Society. 

"  Chemical  News/'  Nos.  50-52  :  from  the  Editor. 

"Literary  Gazette," Nos.  125-127:  from  the  Publishers. 

"On  the  large  Blasts  at  Holyhead,"  by  George  Robert- 
son, Esq. :  from  the  Author. 
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December  mh,  1860. 

Professor  Brodie^  President,  in  the  Chair. 

The  following  were  elected  Fellows  of  the  Society 

Rev.  W.  R.  Bowditch,  Wakefield;   John  L.  W.  Thn- 
dichnm,  M.D.,  65^  Sonth  Audlej  Stieet. 

The  following  papers  were  read : — 

"  Contributions  to  tlie  Knowledge  of  the  Laws  of  Gas-absorp- 
tion/' by  Thomas  H.  Sims. 

*'  On  Sugar  in  Urine,"  by  Dr.  H.  Bence  Jones. 
"  On  the  Separation  of  TeUuriom,  Selenimn  and  Sulphur/'  by 
Dr.  Oppenheim. 

On  Nitioprufldde  of  Sodium/'  by  Dr.  Oppenheim. 

The  following  donationa  were  announced 

"  Abhandlungen  der  koniglich-baeyeriscfaen   Akademie  der 

Wissenschaften  (mathematisch-physikalische  Classe)/'  BandVIII, 
Abthcilung  3. 

"  Sitzuugsberichte  derselbcn,"  1860,  Heft  II. 

"Dcnkrede  an  Alexander  von  Humboldt,  gelesen  in  der  offent- 
lichen  Sitzung  der  koniglich-baeyerischen  Akademie  der  Wissens- 
chaften/^ am  2b  Miirz,  1860,  von  C.  P.  P.  von  Martina: 

from  tlic  Royal  Bavarian  Academy  of  Sciences. 

"  Ofversight  af  Kongl.  Vetenskaps-Akadcmicns  Forhandlingar, 

sextonde  Argangeu/'  1869:  from  the  Swedish  Academy  of 

Sciences. 

"  American  Journal  of  Science  and  Art,"  foot  November,  1860 : 
from  the  Editors. 

''Monthly  Notices  of  the  Royal  Astronomical  Sociefyj 
Vol.  XXI,  No.  1 :  from  the  Society. 

^*  Chemical  News/'  Nos.  5!^-64 :  from  the  Bditor, 
Journal  of  the  Society  of  Arts,"  Nos.  420,  ^1 :  from  the 
Society. 

Photographic  Jonmal/'  for  December,  1800:  from  the  Photo- 
graphic Society. 

''lateraiy  Gasette/'  :No8.  128, 129:  from  the  PnbUshen. 
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Acetic  serieg,  formulae  of  compounds, 

belonging  to,  244,  215. 
Acetoxybenzamfttc  of  barium,  2ilL 

 of  calcium,  21L 

 of  ethyl,  2iJ . 

 of  lead,  2iL 

 of  potassium,  239. 

— —  of  sodium,  255* 

Acid  acetoxybonzamic,  an  isomer  of  hip- 

puric  acid,  by  O.  C.  Foster,  2^15. 
 acetoxybenzamic,  it«  relation  to 

oxybenzamic  acid,  21^ 
— —  amylsulphocarbamic,  fil^ 

—  bibromoduccinic,  on,  and  the  arti- 
ficial production  of  tartaric  acid,  by 
W.  IL  Perkinand  B.  F.  Duppa,  m2. 

 biniodacetic,  on,  by  W.  IL  Perk  in 

and  B.  F.  Duppa,  L 

 carbonic,  action  of  electric  dis- 
charge on, 

 chloromaleic,  liL 

 chloromaleic,  load-salt  of,  LL 

 cinnamic,  contribution  towards  the 

history  of,  by  D.  Howard,  IM. 

 dinitrotoluic,  72^ 

—  gallotannic,  its  solubility  in  ether, 
325, 

 hippuric,  formulee  of,  2il» 

 hippuric,  on  acetoxybenzamic  acid, 

an  isomer  of,  by  G.  C.  Foster,  235. 

—  hydriodic,  aqueous,  of  constant  boil- 
ing point :  its  composition,  16Q, 

— —  hydrobromic,  aqueous,  of  constant 
boiling  point :  its  composition,  157. 

 hydrochloric,  aqueous,  of  constant 

boiling  point :  its  composition,  15^ 

 hydrofluoric,  aqueous,  of  constant 

boiling  point :  its  composition,  1112. 

 nitric,  aqueous,  of  constant  Itoiling 

point :  its  composition,  147. 

 nitric :  its  action  on  bisulphochlo- 

ride  of  amyleno, 

i  nitric,  loss  of  gold  in  parting  ope- 
rations, from  its  solubility  in,  iilL 

 nitrous,  action  of,  on  nitropheny- 

Icne  diamine, 

 oxybenzamic,  formulse  of,  247. 

 sulphuric,  aqueous,  of  constant  boil 

in  g  point :  its  composition,  154. 


Acid,  tartaric,  action  of  pentachloride  of 

phoHphorus  on,  by  W.  £L  Perkin  and 

B.  F.  Duppa,  SL 
 tartaric,  on  bibromosuccinic  acid 

and  the  artificial  production  of,  by  W. 

IL  Perkin  and  B.  F.  Duppa,  l£l2. 
Acids,  aqueous,  of  constant  boilingpoint: 

their  composition,  by  IL  E.  Koscoe, 

146. 

Adie,  R.,  description  of  an  hermetically 
sealed  barometer,  L 

Aggregation,  influence  of,  on  circular 
pularisation,  259. 

Air,  on  the  composition  of,  from  Mont- 
Blanc,  by  E.  Frank  land,  22. 

AUyl,  behaviour  of  the  arsines  and  8t«- 
bines  with  sulphocyanate  of,  }i21* 

Allyl-serics,  methylated  phosphorus-urea 
oV,  a2ix 

Allyl,  sulphocyanate  of,  its  action  upon 

triethylphosphine 
Alumina,  carbonate  of,  OIL 
Aluminium-ethyl  and  aluminium-methyl, 

180,  IM. 

Ammonia,  experimental  illustration  of 
its  composition,  in  lectures,  by  A.  W. 
Hofmann,  71. 

 how  to  exhibit  its  inflammability ,78. 

 on  the  action  of  chloride  of  ethyl 

upon,  by  C.  E.  Groves,  .^31. 

Ammonio-chrome-compound,  on  a  new, 
by  J  Mo  rland,  252. 

Amylaminc,  action  of  bisulphide  of  car- 
bon upon,  fiiL 

Amylcne,  action  of  nitric  acid  on  the 
bisulphochloride  of,  15. 

 action  of  uitroxine  (NO^)  upon,  180. 

  binitroxidc  of,  4^  IHO. 

Amylsulphocarbamate  of  amylammo- 
nium,  £lL 

Analysis,  on  chemical,  by  spectrum  ob- 
scn-ations,  by  Professors  Kirchhoff 
and  Hun  sen,  270. 

Anniversarj'  meeting  of  the  Chemical 
Society,  March  30ih,  1860,  1115. 

Andrews,  J.,  and  P.  O.  Tait,  on  the 
volumetric  relations  of  ozone,  and  the 
action  of  the  electrical  discharge  on 
oxygen  and  other  gat^es,  344 

Antimony  and  arsenic,  separation  of,  TS. 

 detection  of,  by  electrolysis,  2fi* 
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Antimony  organo-componnds  of :  their 

formation,  186^  189. 

 their  propertiea,  2QSL 

Apparatus  for  fractional  distillation  in 

carbonic  acid  gas,  T21 . 
Arsenic,  detection  of,  by  elcctrolyaia,  ILi 

338. 

A racnic-com pounds, organic:  their  forma- 
tion, 185^  1  yp. 

 their  propertiea,  218. 

ArsincB  and  stibines,  behaviour  of,  with 
the  Bulphocjanates  of  phenyl  and  allvl, 

Arsines,  not  acted  on  by  disulphide  of 

carbon,  809. 
Aesaying,  on  certain  sources  of  loss  of 

precious  metal  in  some  operations  of 

by  G.  W.  Makins,  9L 
Atmosphere,  solar,  chemical  analysis  of. 

Atmospheric  air,  action  of  electric  dis- 
charges on,  3t)3. 

B. 

Balance-sheet  of  the  Chemical  Society, 

1860. 171. 
Barium,  acetozybenzamate  of,  21£L 

 spectrum  produced  by,  284. 

Barometer,  description  of  an  hermetically 

scaled,  by  R.  A  d  i  e,  L 
Barratt,  James,  on  the  carbonates  of 

alumina,  ferric  oxide  and  chromic 

oxide,  ^ 

Baryta,  on  the  crj'stallised  hydrates  of, 
and  strontia,  by  C.  L.  Bio x am,  ii. 

Bases  (phosphorus),  contributions  to  the 
historj'of  the.by  A.  W.Hofmann,  2^ 

Baudrimont's  protosulphidc  of  carltou, 
by  Lyon  Playfair,  2AK 

Bell,  Jacob,  obituary  notice  of,  167. 

Berries,  (Persian),  on  the  colouring  mat- 
ters of,  by  Professor  Bollev,  327. 

Bibromosuccinatc  of  potassinum,  104. 

 of  silver,  104. 

 of  sodium,  104. 

Bichlorcthylene,  chlorosulphide  of,  ilL 

Biniodacctatc  of  caleium,  2. 

 of  ethyl,  L 

 of  lead,  2. 

■       of  silver,  A. 

Biniodacctamide,  6a 

Bin  iodide  of  trimethylstibine,  action  of 

zinc- methyl  on,  119. 
Binitroxidc  of  amylene,  40^  180. 
BiBmuth,  organic  compoundo  of,  187,  204. 
Bistriethide,  formation  of,  187. 
Bisulphide  of  carbon,  action  of,  upon 

amylamine,  60. 
•       of  carbon  in  coal-gas,  85* 
Bisulphide  of  chlorine,  ita  action  upon 

ethylene,  14 


Bisulphochloride  of  amylene,  action  o 

nitric  acid  on,  i]L 
 of  ethylene,  ST^  12L 

Bloxam,  C.  L.,  on  the  application  of 
electrolysis  to  the  detection  of  poison- 
ous metals  in  mixtures  containing 
organic  matters,  12. 

 on  the  crj-stalliscd  hydrates  of 

baryta  and  strontia,  i&. 

 on  the  electrolytic  test  for 

arsenic,  and  on  the  presence  of  that 
metal  in  certain  re-agents,  838. 

Bolley,  Professor,  on  the  colouring' 
matters  of  Persian  berries,  and  on  cer- 
tain general  relations  of  yellow  vege- 
table dyes,  827. 

•  on  the  cr}-8talline  form  of  metallic 

chromium,  HSK. 

 on  the  discrepancies  in  the  state- 
ments of  Pelouze  and  Mohr,  respect- 
ing the  solubility  of  gallotannic  acid 
ether,  325* 

 on  a  hitherto  unobsen-cd  source 

of  paraffin,  321L 

Brittle  metals,  crystalline  forms  of,  ZZA, 

Buckciseu,  F.  and  J.  A.  Wankly  ac- 
tion of  sodium  upon  iodide  of  methyl 
mixed  with  ether,  140. 

Buck  ton,  O.  B.,  on  the  stibethyls  and 
stibmcthyls,  115. 

Bunscn  and  Kirchhoff,  on  chemic&l 
analysis  by  spectnim  obiservationa,  270. 

c. 

Cacodyl,  21L 

Cadmium  and  copper,  separation  of,  IS- 

 organo-ractullic,  compound  of,  132. 

Calcium,  acetoxybenzamate  of,  2ilx 

—   biniodacctatc  of,  2^ 

Cane-sugar,  estimation  of,  by  circular 
polarisation,  9fi^. 

CarlK)n,  behaviour  of  tricthylpho^hine 
with  disulphide  of,  804. 

 on  Baudrimont's  protosnlphide 

of,  by  Lyon  Playfair,  21Si 

 action  of  bisulphide  of,  upon  amy- 
lamine, 6lL 

 bisulphide  of,  in  coal  gas,  84. 

Carbonates  of  alumina,  ferric  oxide 
and  chromic  oxide,  by  James  Bar- 
ratt, liiL 

  of  copper,  on  the  basic,  by  F. 

Field, 

Carbonic  acid  gas,  apparatus  for  general 
fractional  distillation  in,  L2I* 

 acid,  action  of  electric  di*>charge  on 

361. 

 oxide,  action  of  electric  discharge 

on,  a<Li 
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Chemical  analysis  by  Bpectrnm  observa- 
tions, by  ProfesBoraKirchhoff  and 
Bunsen,  270. 

Chemical  Society,  anniversary  meeting 
of,  (March  30^  1860),  1  fifi. 

—  Society,  balance-sheet  of,  (1860), 
HL 

— ^  Society:  proceedings  at  its  meetings, 

92,  165,  369. 
Chloride  of  ethyl :  on  its  action  upon 

ammonia,  by  C.  E.  Q  r  o  v  e  s,  SSJL 

—  of  lime,  spontaueous  decomposition 
of, 

 of  tetrethylgtibine,  119. 

Chlorine  :  its  action  on  the  sulphides  of 

ethyl  and  their  derivatives,  iL 
 bisulphide  of :  its  action  upon  ethy- 

line,  36. 

Chloroplatinocyanide  of  potassium,  112. 

Chlorosulphide  of  bichlorethylene,  iSL 

 of  quadrochloramyl,  iA. 

 of  terchloramylene,  44. 

Chromic  oxide,  carbonate  of,  90. 

Chromium,  on  the  crj'stalline  form  of  me- 
tallic, by  Professor  Bolley,  333. 

Chrysorbamnin,  a2L 

Circular  polarisation,  on,  by  J.  IL  Glad- 
stone, 2.54. 

—  polarisation  as  applied  to  chemical 
inquiries,  2fifL 

■  ■  polarisation  :  its  application  to  the 
determination  of  what  is  going  forward 
in  a  solution,  2Mx 

— —  polarisation  :  its  application  to  the 
estimation  of  organic  products,  266. 

•  polarisation  :  its  application  to  the 

examination  of  isomeric  substances,  2fiil 

•  polarisation,  influence  of  state  of 
aggregation  on,  2r>9. 

■  polarisation,  influence  of  chemical 
combination  or  substitution  on,  2(12. 

■  polarisation,  influence  of  magnetism 
or  electricity  on,  260. 

——  polarisation,  influence  of  solution 
on,  2Mx 

■  polarisation,  influence  of  tempera- 
ture on,  260. 

*—  polarisation,  table  of  substances 
which  exhibit,  250. 

—  polarisation  and  crystalline  form, 
relation  between,  265. 

Coal  gas,  bisulphide  of  carbon  in,  8i 

Cobalt-yellow,  on  a  new  lead-salt,  corre- 
sponding to,  by  S.  D.  Hayes,  835. 

Colouring  matters  of  Persian  berries,  on 
the,  and  on  certain  general  relations 
of  yellow  vegetable  dyes,  bv  Prof. 
Bolley,  Z2L 

Combination  (chemical),  or  substitution: 
its  influence  on  circular  polarisation, 

m 


Componnd  radicle,  definition  of,  2i<L 
Contributions  to  the  history  of  the  phoa- 
phonis  bases,  by  A.  W.  Hofmann, 

289. 

Crystalline  form  of  metallic  chromium, 
334. 

 forms  of  metals,  334. 

 form  and  power  of  circular  p^jlarisa- 

tion,  relation  between,  2fi5. 
Cyanates,  behaviour  of  triethyIpho«phine, 

with,  322. 
Cyanate  of  ethyl  :  its  deportment  with 

ethylate  of  sodium,  iSL 
Cyanogen,  action  of  electric  discharge  on, 

861. 

D. 

Decomposition  (spontaneous),  of  chloride 
of  lime,  8JL 

Deutoxide  of  nitrogen,  action  of  electric 
discharge  on,  361. 

Dibromide  of  ethylene,  65. 

Dichloride  of  platinum  and  oxide  of  tri- 
ethyl-phosphine, 

Di  iodide  of  methylene,  fii. 

Distillation,  fractional,  in  carbonic  acid 
gas,  apparatus  for,  121. 

Disulphidc  of  carbon,  behaviour  of  tri- 
ethylphosphino  with. 

Ductile  metals,  crj  stalline  forms  of, 

Dilppa,  B.  F.,  and  W.  iL  Perkin,  on 
the  action  of  pentachloride  of  phos- 
phorus on  tartaric  acid,  g. 

 and  W.  IL  Perkin  on  bibromo- 

succinic  acid  and  the  artificial  produc- 
tion of  tartaric  acid,  102. 

 and  W.IL  Perkin,  on  biniodace- 

tic  acid,  L 

Dyea  (yellow  vegetable),  on  certain 
general  relations  of,  by  Professor 
Bolley,  221, 

£. 

Electric  discharge,  on  the  action  of,  on 
oxygen  and  other  gases,  by  T.  An- 
drews and  P.  G.  Tait,  344. 
Electricity  or  Magnetism,  influence  of, 

on  circular  polarisation,  2tiiL 
Electrolysis,  detection  of  antimony  by,  2Q^ 

 detection  of  arsenic  by,  14^  SM. 

 on  the  application  of,  to  the  detec* 

tion  of  poisonous  metals  in  mixtures 
containing  organic  matters,  by  C.  L. 
Bloxam,  12. 
Ether,  action  of  so<lium  upon  iodide  of 
methyl  mixed  with,  by  J.  A.  Wanklyn 
and  F.  Buckeisen,  HiL 

 solubility  of  gallotannic  acid  in  325, 

Ethyl,  acetoxybenzamatc  of,  21L 

 on  the  action  of  chloride  of,  on  am- 

monia,  by  C.  E.  Groves,  33L 
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Eihjl,  biniodacetate  of,  5, 

 cyanato  of ;  its  bchavioar  with  tri- 

ethylpbospbine,  S22^ 
 deportment  of  cyanate  of,  with  ethy- 

late  of  sodium,  1SL. 
Etiiyl  iodide  of,  Qfl. 

■       sulphides  of,  and  their  derivatives, 

action  of  chlorine,  on,  iL. 
 and  ethylene,  behaviour  of  triethyl- 

phoephine  with  the  sulphocvanates  of, 

318. 

Ethylate   of  sodium,    deportment  of 

cyanate  of  ethyl  with,  HL 
Ethylene,  action  of  bisulphide  of  chlorine 

upon, 

— —  bisulphochloride  of,  37^  134. 

 dihromide  of,  Ql, 

•  monobrominated,  metamorphosis  of, 

fiS. 

Ethylene-hexethyl-diphosphonium, 
Experimental  illustration  of  the  composi- 
tion of  ammonia,  in  lectures,  by  A.  W. 
Hofmann,  71. 

F. 

Ferric  oxide,  carbonate  of,  91 . 
Flames,  temperatures  of,  273. 
Formulae,  t>-pical,  use  of, 
Foster,  G  C.  on  acetoxybenzamic  acid^ 

an  isomer  of  hippuric  acid,  235. 
Frankland,  E.,  on  the  composition  of 

air  from  Mont-Blanc,  22. 
•— — —  on  organo -metallic  bodies. 

G, 

Gas  (coal),  bisulphide  of  carbon  in,  85* 
Gases,  on  the  action  of  the  electric  dis- 
charge on  oxygen  and  other,  by  T.  An- 
drcws  and  P.  G.  Tait, 
Gladstone,  J.  11^^  on  circular  polarisa- 
tion, 

Glucinum-ethyl,  181,  LM. 
Glycerin,  on,  by  A.  W.  Hofmann,  liL 
Glycocol,  formula)  of,  247. 
Gold,  loss  of,  in  assaying,  from  volatilisa- 
tion, as. 

—  loss  of,  in  parting  operations,  from 
ita  solubility  in  nitric  acid,  99. 

■  refining  of,  when  alloyed  with  tin 
or  antimony,  so  as  to  render  it  fit  for 
the  purposes  of  coinage,  by  R.  War- 
ington,  SL 

Groves,  C.  E.,  note  on  the  action  of 
chloride  of  ethyl  in  ammonia,      1  - 

Gun-cotton,  spontaneous  decomposition 
of,  16, 

Guthrie,  F.,  on  some  derivatives  from 
the  defines,  35,  122. 


Ontta«percha,  remarks  on  its  changes  un- 
der tropical  influences,  by  A.  W.  Hof- 
mann, 8L 

Hadow,  E.  A.,  on  the  composition  of 
platinidcyanides,  liM. 

Hayes,  S.  D.,  on  a  new  lead -salt,  cor- 
responding to  cobalt-yellow,  335. 

Hofmann,  A.  W.,  contributions  to  the 
history  of  the  phosphorus-bases,  2fiS. 

 miscellaneous  observations, 

Howard,  D.,  contribution  towards  the 
history  of  cinnamic  acid,  135. 

Hydrates,  on  the  crystallised,  of  baryta 
and  strontia,  by  C.  L.  Bloxam,  iS, 

Hydrogen,  action  of  electric  discharge 
on,  afil. 

L 

Idiotypes  and  isotypes,  definition  of,  35. 
Inflammability  of  ammonia,  how  to  ex- 
hibit, m 
Isatin,  on,  by  A.  W.  Hofmann,  tlL 
Iodide  of  ethyl,  fifl. 

 of  methyl,  action  of  sodium  upon, 

mixed  with  ether;  by  J.  A.  Wanklyn 
and  F.  Buckeisen,  140. 

  of  zinc  and  oxide  of  triethylpbos- 

phine. 

Isomeric  substances,  examination  of,  by 
circular  polarisation,  269. 

K. 

KirchhofiT  and  Bunsen,  on  chemical 
analysis  by  spectrum  observations,  HSL 

L. 

Lead,  acetoiybenzamate  of,  2iL 
—  binioducetate  of,  3. 
■  organo-compounda  of :  their  for- 
mation, iBm  1^ 

 properties,  2il5. 

 salt  of  chloromaleic  acid,  11. 

 on  a  new  lead-salt,  corres- 
ponding to  cobalt-yellow,  by  S.  D. 
Hayes,  335- 

Lime,  chloride  of:  its  spontaneous  do- 
composition,  Si, 

Lithium,  spectrum  produced  by, 

Long,  C.  E.,  on  crystallised  sodium  and 
potassium,  122. 

M. 

Magnesium-ethyl  and  magnesium- 
methyl,  180,  m. 

Magnetism  or  electricity,  influence  of,  on 
circular  polarisation,  2fifl. 
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llakinA,  O,  H.,  oa  certain  aoarees  of 
hm  <rf  preflimn  netel  in  mim  opcn^ 

lions  of  assnyinc:,  97. 
MeraipUn,  bcharioMT  of  inetb^lpbos- 

phise  with,  80S. 
Hercurv,    organo-conipooibd^  UmIt 

foonation,  183,  18S. 
■■  — —  properties,  207. 
]|«tal8,  crystalline  forms  of,  334. 

■  discovery  of  a  new  alkali-metal,  by 
Kirch  hoff  and  Buusen^  meUiod  of 
aaalyvU  by  ipaalnioi  ^biBmiioii,  287. 

■  ■     im  certain  sources  of  loss  of  precious 

Bttel  in  some  opeiationg  of  aasM  ing ; 
liya.  H.  Mnkint,«r. 

Methyl,  iodide  of,  na  tion  of  scKlium  upon, 
mixed  with  ether,  by  i.  A.  WanJUyn 
and  F.  Buckeisen,  140. 

Hetbylated  phosphorus- ureas  tt  the 
ctliyl  and  phenyl  f^crioH,  324. 

Miscellaneous  obscrvatiuus,  by  A.  W. 
Hofmann,  51. 

Methylene,  di-iodide  of,  65. 

Mohr  and  Felouze:  on  the  discre- 
pancies In  their  statements  reepeeting 
the  solubility  of  gallotannic  acid  in 
ether,  by  Professor  Bolley^  825. 

Mopobrominated  ettiylene,  metamor- 
phosis  of,  68. 

Mont  Blanc,  on  the  coxnpoeition  of  air, 
from,  by  £.  F  rank  land, 

MMlaad.  J.,  on  an 


compound,  248. 
Moriey,  Kobert  Reginald  ingham, 
obitouj  notice  of,  168. 

N. 

Kitrogcn,  totion  of  electric  diiohaigtt 

on,  361. 

w»  setion  of  eleetrie  disdms'^  oopve* 

toxide  and  deutoxide  of,  861. 
«—  bebanoar  of  triethylphoBphine  with 
*  snlpUde  of,  80S. 

XTitrophenylene  diaminfl^  tetlOfl  of  ni^ 

trous  acid  on,  51. 
Vilrozinaphtbalin,  182. 
HitraiSno,  ity  action  npoa  m^iM,  180. 

0. 

Obttosiynotiee  of  Jceob  Boll,  147. 
Robert    Boginnld  Infvnm 

Mo  r  ley,  160. 
—  George  Wilson,  168. 
Observations,  misceUaMOM ;  bf  A.  V. 

Hofmann,  51. 
Olefines,  on  some  derivatives  from  the, 

bjF.Gnilirlo,8S,189. 


Organic  QOmponnds :  their  constitution, 
881. 

  matters,  on  the  application  of 

electrolyais  to  the  detection  of  poison- 
ous metels  in  adxtares  eontelning, 

by  C.  L.  Bloxam,  12. 
Organic  products,  quantitative  entimation 

of,  by  circular  pulurisation,  260. 
Organo-metallic    bodiOi^    OB,    bj  B. 

Frankland,  177. 

  their  constitution  and  theoretical 

importance,  227. 

 thdr  4iffiR«H  iliigoi  gf  MftUUIj , 

228. 

—  their  formation,  by  the  action  of 

the  respective  metals  alloyed  with 
potassium  or  sodium,  upon  the  iodides 
of  the  alcohol-radicals,  186. 

  their  fonnsition  by  the  aetlon  of 

the  zinc  eomponnds  of  the  orsranic 
radicals  upon  the  haloid  con]})ounds 
either  of  the  metals  thcmseiyei^  or 
of  their  orgnnio-derivatives,  187. 

 their  formation  by  the  displace- 

mont  of  a  metal  te  nn  oigano-motaHle 
compound  by  aaotkor  SM  non  posl- 
tiye  metal,  190. 

— «>1Mr  femsAion  hf  nfoa  of  €b» 
organic  radical  imilakt  WflWillH  with 
the  metal,  178. 

 properties  of,  191. 

Organo-compounds  of  antiuOBj;  "llMir 
formation,  186,  189. 
-  their  properties,  209. 

 of  arsenio:  thoir  fbmalloii,  18fl^ 

190. 


their  properties,  218. 
ofblanam :  their  ~ 


 their  properticti,  204, 

■      of  cadmium,  199. 

 <tf  lead :  ibelr  formation,  187,  189. 

— thoir  properties,  206. 

 of  magneniiim:  their  fomuKion,  180. 

— -  their  properties,  198. 

 of  BMioiiiy :  thoir  fbnauli<»,  181^ 

188. 

 their  properties,  207. 

»  of  tollwrluB !  thoir  flraBia*iott«  187. 

—  their  properties,  226. 

 of  tin  :  their  formation,  181. 

thoir  properties,  188. 

•  of  zinc  :  their  formation,  1^8. 

 their  properties,  194. 

Oxychlorido  of  triethylphosphine,  299. 

Osono,  not  condensed  at  common  pret- 
euros  by  the  cold  pr<Mlnco<l  by  n  mix- 
ture of  cold  carbonic  acid  and  ether, 
860. 

 on  the  Tolnmctric  relations  of,  bj 

T.  Andrews,  and  l\  G.  Tait,  844. 
Oxide  of  tctrctbylstibine,  119. 
 of  triethylphoq>bin^  298. 
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Oxide  of  tricthylphosphine  and  iodide  of 
zinc,  2iiiL 

■  of  triethylphoaphine  and  dichloridc 

of  platinum, 

  of  triethylphosphine  not  reduced 

by  sodium,  303. 

Oxygen,  and  other  prases,  on  the  action 
of  the  electric  di8charic:e  on,  by  "T. 
Andrews  and  P.  O.  Tait,  Mi. 

Oxygen  :  statement  that  the  whole  of  a 
volume  of  dry  oxygen  gas  can  be  eon- 
verted  into  ozone  by  the  passage  of 
oleotric  sparka,  erroneous,  369. 

P. 

Paraffin,  on  a  hitherto  unobserved  source 
of,  by  Professor  Bolley,  ^2iL 

Parting  operations,  loss  of  gold  in,  from 
solubility  in  nitric  acid, 

Pelou7.e  and  Mohr:  on  the  discrepan- 
cies in  their  statements  respecting  the 
solubility  of  gallotannic  acid  in,  by 
Professor  Bolley,  3;i5^ 

Pcntacblorido  of  phosphorus,  action  of, 
on  tartaric  acid,  by  W.  IL  Perk  in 
nnd  B.  F.  Duppa,  IL 

Perkin,  W.  iL,  and  B.  F.  Duppa. 
Action  of  pentachlorido  of  phosphorus 
on  tartaric  acid,  IL 

 and  B.  F.  Duppa,  on  bibro- 

mosuccinic  acid  and  the  artificial  pro- 
duction of  tartaric  acid,  I0t>. 

.  and  B.  F.  Duppa,  ou  bini- 

odacetic  acid,  L 

Persian  berries,  on  the  colouring  mat- 
ters of,  by  Professor  Bolley,  327 

Phenyl,  behaviour  of  the,  arsines  and 
stibincs  with  sulphocyauate  of,  3'jl. 

  cyanato  of :  its   behaviour  with 

tricthylphosphine,  322. 

  sulphoeyanato  of :  its  action  upon 

tricthylphosphine,  3<>9. 

Phenyl-ficries,  methylated  phosphorus- 
urea  of,  22A^ 

Pbosphoretted  hydrogen  not  acted  upon 
by  disulphide  of  carbon,  301). 

Phosphorus,  pentachloride  of,  action  of, 
on  tartaric  acid,  by  W.  LL  Perkin, 
and  B.  F.  Duppa,  iL 

Phoephorus-baees,  contributions  to  the 
history  of  the,  by  A.  W.  II  of  maun, 

Phosphorus-ureas,  methylated,  324. 
Flatinidcyanides,  on  the  composition  of, 

by  E.  A.  Hadow,  liiiL 
Platinum,  dichloridc  of,  and  oxide  of 

triethylpho.Hphine,  21>S. 
Playfair,  Lyon,  on  Baudrimont's 

protosulphide  of  carbon,  218. 
Plumb-sesquictbidc,  formation  of,  187. 


Poisonoas  metals,  on  the  application  of 
electrolysis  to  the  detection  of,  in 
mixtures  containing  organic  matters, 
by  C.  L.  Bloxam,  12. 

Polarisation,  circular.  (See  Circular  po- 
larisation.) 

Potassium,  acetoxybonzamate  of,  239. 

Potassium,  bibromosuccinate  of,  104. 

 chloroplatinocyanide  of,  112. 

 on  cty'stallised  sodium  and  potas* 

slum,  by  C.  E.  Long,  122. 

 spectrum  produced  by,  278. 

Potassium-ethyl,  formation  of,  190. 

 properties,  192. 

Potassinm-salt  of  chloromaleic  acid,  10. 

Proceedings  of  the  meetings  of  the 
Chemical  Society,  92^  165^  368. 

Protosulphide  of  carbon,  on  Bandri- 
mont's,  by  Lyon  Playfair,  248. 

Protoxide  of  nitrogen,  action  of  electric 
discharge  on,  ML 

Q- 

Quadrochloramyl,  chlorosulphide  of,  ii, 
Queretin,  827. 
Qucrcitrin,  a2L 

R. 

Radicle,  compound,  definition  of,  246. 
Re-agcnts,  on  the  presence  of  arsenic  in 

certain,  by  C.  L.  Bloxam,  388. 
Refining  of  gold  when  alloyed  with  tia 

or  antimony,  so  as  to  render  it  fit 

for  the  purposes  of  coinage,  by  R, 

Warington,  3L 
Report  of  the  President  and  Council 

(1860),  m 
Rhamnetin,  1127. 

Roscoe,  IL  E.,  on  the  composition  of 
the  aqueous  acids  of  constant  boiling 
point,  146. 

Rotatory  powers  (optical)  table  of,  2ii5. 

s. 

Silver-salt  of  chloromaleic  acid,  IL 
Silver,  bibromosuccinate  of,  IQA. 

 biniodacetate  of, 

Sodium,  acetoxybenzamate  of,  236. 

  action  of,  upon  iodide  of  methy 

mixed  with  ether,  by  J.  A.  Wank ly a 
and  F.  Buckeisen,  1 40. 

 bibromo.succinate  of,  104. 

 deportment  of  cyanate   of  eth 

with  ethylatc  of,  70. 
 on  crjstallized  sodium  and  potas- 
sium, by  C.  E.  Long,  1  '2'2. 
spectrum  produced  by,  215.. 


Sodium -ethyl,  formation  of,  191. 
 properties.  11>3. 

Solar  atmosphere,  chemical  analysis  of, 

287. 
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BolntionB,  application  of  circular  pola- 
riaation  to  the  determiniliAn  of  what 
ia  going  forward  in,  268. 

Solution,  iniiucucc  ol^  on  circular  polar- 
isation, 261. 

Spcctmm  of  incandeaeni  ga^,  moda  of 
rcTeraing,  287. 

Spectnun  prodneed  Ij  baiiniiiy  824. 

—  by  calcium,  281. 

—  by  litliium,  276. 
by  potasaium,  378. 

 by  sodium,  275. 

Spectrum-analyBts,  diacoyeiy  of  *  now 

alkali-metal,  by,  287. 
Spectrum  obBervationB,  on  chemical  ana- 

lyaig  by,  by  Profeaaor  Kirohhoff 

and  Bunsen,  270. 
fitannie  otgaao^ompoondg :  tibdr 

mation,  182. 

 their  propertiea,  200. 

Stannooa  ouddo  and  motliida,  182. 

organo-coa^oandartlMbfiDnitation, 

182. 

 their  properties,  200. 

Btibcthyls  and  Stibmethyl^  on  thf^  bj 

G.  B.  Buckton,  115. 
Stibinoii  and  areinca,  bciiaviour  of,  with 

the  Bulphoesjaiiataa  of  i^Moyl  and 

ally],  321. 

 not  acted  upon  by  diaulpliide  of 

cariMQ,  800. 
Strontia,  on  the  crystallised  hydrates  of 

baiyta  and,  by  C.  L.  Bloxam,  48. 
Btaronnum,  spectrum  prodwad  by,  279. 
fiubetitution  or  chemical.combination :  its 

influence  on  circular  polarisation,  262. 
Sugar,  estimation  of,  by  circular  polari- 
sation, 266. 
Sulphide  of  nitrogen,  behaviour  of  tri- 

ethylphosphine  with,  802. 
— —  of  terchlorethyl,  41. 
- —  of  triethylplioiplKiiia  rednead  by 

Bodimn,  808. 
Bvlphidaa  of  elhyl  and  th^  deilTatiTea, 

action  of  chloride  on  the,  45. 
Solpbocyanate  of  allyl,  ita  action  on 

irlothylphosphine,  316. 
Bnlpbocyanates  of  ethyl  and  ethylene, 

beharioar  of  triethylpboaphino  with, 

318. 

Sulphocyanate  of  phenyl :  itaaetioiiiipon 

trietbylphoBphine,  309. 
Bulphocyanatea  of  phenyl  and  allyl,  be- 

havianr  of  the  aninea  and  atibinra 

with,  321. 

Sulphocjanate  of  triethylphoaphoniom: 
ita  dupoitmeiit  under  the  faufaienea  of 

heat,  321. 

Bulphur-compounds,  behavioiir  of  tri- 
etbylphospbine  with«  800. 
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Snlphnretted  hydrogen,  bahiiviMr  of 
taMiylpho^hiiM  with,  801. 

T. 

Tait,  P.O.,  and  T.  Andrews,  on  the 
volometrio  relations  of  ozone  and  the 
aetion  of  the  elocirio  diadiaige  on 
oxygen  and  other  gases,  844. 

Tellurium,  organoHMmpounda  of;  their 
formation,  187. 

.  their  properties,  225. 

Temperature,  influenoa  of,  on  oiroolar 
polarisation,  260. 

Temperatures  of  flames,  27S. 

Terchloramylene,  chlorosulphide  o(  44» 

Terchlorethyl,  anlphide  of,  41  • 

TatMlhytetOdne,  ddoride  o(  110. 

—  oxide  of,  119. 
 saltflof,  119. 

Tin,  organo-compoonda  of :  thair  fomu^ 

tion,  181. 

 their  properties,  199. 

TrietbylpLoriphine,   action   of  anlpho- 

^anate  of  allyl  on,  316. 
 action  of  aolphocsyaiiata  of  phenyl 

upon,  309. 
— —  its  behaviour  with  cyanates,  822. 
 its  bchavtoor  with  diaolphida  €i 

carbon,  304. 

Ha  behaTionr  with  mercaptan,  802. 
- —  its  behavioiir  with  auiihida  of 

nitrogen,  802. 
—•ita  behaviour  with  anlphnr^mn* 

pounds,  800. 
 its  behaviour  with    the  sulpho* 

cyanates  of  ethyl  and  ethylene,  818. 
  iu  behavioor  with  nlplinvetlad 

hydrogen,  801, 
 oxide  of,  298. 

—  oxide  of,  and  iodide  of  zinc,  296. 
 oxide  of,  and  dichtotido  of  plalinnip, 

298. 

 oxyehloride  of,  290. 

 preparation  of,  290 

 reduced  by  sodium  from  the  sul- 
phide but  not  from  the  oxide,  3U3. 

Triethylphosphonium,  sulphocyanate  of, 
its  deportment  undor  the  inflnonoa  of 
heat,  821. 

Trimethylphoaphine,  828. 

Trimethystibinc,  action  of  lin04Bieth|l 
on  biniodide  of,  119. 

Typical  forauili^,  UM  oi^  249,  ' 

V. 

Vegetable  dyea,  on  oarttin  geneitl  raU. 
tions  of  yellofWf  bj  ProfaMor 
Bolley,  827. 
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_  irlN^  oocar  when 

oxygen,  contracted  by  the  electric  dis- 
chaii^,  is  brought  in  contact  with 
other  bodiea,  858. 

Volumetiic  relations  of  ozone,  on  the, 
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I.^ — CMriMioiif  fo  the  Hmekdge  of  the  Laws  of  Qm-4Aiorpikm» 

By  Thob.  H.  SiUB, 
(numnr  mbolab  n  nm  umomutomt  ov  ownli  couaaa,  XAwnonan^ 

It  is  well  known  that  some  gases,  which  at  a  given  temperature 
obey,  between  certain  limits,  Boyle's  law  of  pressure,  have  been 
found  to  deviate  from  the  law  when  examined  between  the  same 
limits  of  pressure,  but  at  diflferent  temperatures.  That  Regnault* 
has  shown  that  the  volumes  of  carbonic  acid  gas  measured,  under 
different  pressures  less  than  that  of  the  atmosphere,  at  the  tem- 
perature of  0^  C,  do  not  vary  inversely  with  the  pressure ;  M'hereas 
mearared*  between  the  same  limits  of  pressure  at  100°  C,  the 
deviation  from  Boyle's  law  beoomes  inappreciable.  Considering 
these  fiusiSy  it  appeared  not  nnlikely  that  the  law  known  as 
Dalton  and  Henri's  Law,  according  to  whidi  the  weight  of 
gas  absorbed  by  a  liquid  at  a  ^ven  temperatnre  under  various 
pressures,  is  directly  proportionsi  to*  the  pressure,  would,  upon 
investigation,  show  phenomena  of  a  similar  kind,  so  that  the 
amount  of  deviation  from  the  law  of  abswption  which  a  given 
gas  exhibits  between  certain  limits  of  pnessure  may  vary  according 
to  the  temperature  at  whidi  the  absorption  occurs.  That  many 
of  the  gases  most  soluble  in  water  are  not  absorbed  at  the 
ordinaiy  temperatures  under  diifarent  pressures  in  proportioDs 
even  approaching  those  required  by  Balton^s  law,  has  already 
.been  pointed  out.  Professor  Boscoet  showed  that  chlorine  gas^ 

*  £sgn*ult,  Expirienees  pour  determiner,  kc,  p.  148.  ^ 
f  Ghem.  Soc  Qa.  J.,  Tiii.  14. 
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when  mixed  with  wying  amomiU  of  JMti  hydrogen  tnd  carbonio 
acid  gasy  is  not  absorbed  in  quantities  propoitioiisl  to  the  piessiire; 
and  Messrs.  Boscoe  and  Dittmar'i'  have  reoentlj  proved  that 
nnder  directly  measured  pressures  extending  fitmi  0'06  to  2  metres 
of  mercury,  both  hydrochlorio  add  and  ammoniacal  gases  sre 
absorbed  by  water  at  0*  C.^  in  quantities  jfifferjng  widely  from 
those  required  by  Dalton  and  Henry's  law* 

Experiment  has^  up  to  the  present  time,  left  it  undedded, 
whether  this  deviation  from  the  law  of  absorption  is  solely 
dependent  upon  the  diemiesl  nature  of  the  gases  snd  Hquids 
present,  or,  whether  the' relation  between  the  amount  of  absoirbed 
gas  and  pressure  is  at  the  same  time  inflnenoed  by  diange  of 
temperature. 

The  object  of  the  present  research  is  to  throw  some  light  upon 
this  question  by  determining  the  solubility  of  certain  gases  in 
water  under  considerable  variation  of  direct  pre^ure  at  diQerent 
temperatures. 

« 

h'^Sid^hmrem  AM  m  Water. 

The  solubility  of  sulphurous  acid  gas  in  water,  at  various  tem- 
peratures, and  under  the  ordinary  atmospheric  pressure,  has  already 
been  accurately  determined  by  Sch6iifeld,t  but  no  estimation  of 
tlie  quantity  of  gas  absorbed  under  directly  increased  or  dimi- 
nished pressures  has  been  made.  Henc(^  it  appeared  desirable  to 
examine  whether  the  conclusion  drawn  by  S  chcinfeld  from  experi- 
ments made  with  mixed  gases,  viz.,  that  at  teniperatnres  above 
10°  C,  sulphurous  acid  obeys  the^law  of  absorption,  was  borne  out 
by  more  extended  o])servationB  of  the  solubility  of  the  gas  under 
directly  measured  pressures.  For  this  purpose,  a  method  of  experi- 
mentation was  adopted,  similar  in  principle  to  that  described  by 
Messrs.  Roscoe  and  Dittmar,  in  the  memoir  already  men> 
tioned,  viz.,  determining  by  accurate  analysis  the  quantity  of  gaa 
absorbed  by  a  known  weight  of  water  contained  in  a  bulb-tube 
apparatus,  under  exactly  specified  conditions  of  temperature  and 
pressure.  The  amount  of  the  dissolved  gas  was  estimated,  aoooKU 
ing  to  the  iodometric  method,  by  carefully  breaking  tfae  bulb 
under  recently  boiled  water^  diluting  the  solution  to  a  given  volume^ 
and  analysing  an  aliquot  portion  of  the  liquid  again  diluted  with 
water^  so  that  it  contained  only  0*06  p.  c.  of  sulphurous  add. 
The  strength  of  the  standard  iodinenwlution  wais  not  determined 
•  Cni0m.So«.Qa.jrB^ziL,2M.  t  Ann.  Ch.  Fhsm.,  xcr.,  L 
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in  the  usual  way,  by  comparison  with  the  iodine  equivalent  to  the 
chlorine  set  free  by  liydrochloric  acid,  from  a  known  weight  of  bi- 
chromate of  potassium,  but  the  volume  of  the  standard  solution  was 
directly  determined,  which  was  required  to  oxidise  completely  a 
given  weight  of  pure  dry  sulphurous  acid,  diluted  with  water  to 
such  an  extent  that  the  liquid  contained  only  0*05  p.  c.  of  sul- 
phurous acid*  For  this  purpose,  long-necked  tabeB,  lepreeented 
by  Fig,  1,  were  blown  before  the  blowpipe 
and  accurately  weighed;  into  these  tubes 
was  led  a  qjoantity  of  pure  and  dry 
tolphurous  add,  which  had  previously 
been  diatilled  and  left  no  residue  on 
evaporation.  As  soon  as  from  1  to 
2  grms.  of  the  liquid  had  collected  in  the 

tubes,  they  were  hermetically  sealed,  and  again  wei|^ied.  When 
the  determination  was  to  be  made,  the  neck  of  one  of  these  tabes 
was  opened  nnder  recently  boiled  water,  whilst  the  bulb  was 
placed  in  a  fireeaiiig  mixture,  which  was  afterwards  removed,  so 
that  the  liquid  scid  began  to  distil  over  into  the  water.  As  soon 
as  the  acid  had  Tolatilised,  and  the  water  had  been  drawn  back 
into  the  tube,  the  neck  was  cut  off  with  a  file,  and  both  tubes 
washed  wdl  out  with  water.  The  solution  of  sulphurous  acid 
was  then  diluted  *  with  boiled  water  up  to  8,600  cb.  c;  of  this 
diluted  solution,  100  cb.  c*  were  taken  for  analysis,  and  the 
standard  iodine  solution  was  added  drop  by  drop  from  a  burette  until 
the  blue  ttarofa  reaction  became  visible.   From  the  quantity  of 
liolution  thus  required,  and  from  the  quantity  of  sulphurous  add 
employed,  it  was  easy  to  find  the  weight  of  sulphurous  acid  corre« 
spondiiiiz;  to  one  cubic  centimetre  of  iodine-solution.    The  fol- 
lowing numbers  give  the  weights  of  sulphurous  acid  oxidised  by 
1  cb.  c.  of  the  standard  solution,  as  determined  for  solution  No.  I 
by  four,  and  for  solution  No.  11  by  six,  separate  experiments : 

Solution  No.  I.  I  Solutioa  So.  II. 

Experiment  1  0001212    Experiment!  0*001200 


99 


99 


99 


2 
8 
4 


Mean 


0001211 
0-001216 
0001211 

0  001212 


99 


99 


99 


99 

m 

99 


2 
3 
4 
6 
6 


Mean 


0-001208 
0  001?04 
0001210 
0001200 
0001210 

0001205 
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Tn  order  to  avoid  the  dangerous  explosions  which  might  ensne 
from  the  employment  of  flasks  in  which  the  gas  is  prepared  from 
heated  sulphuric  acid  and  copper  under  a  pressure  of  from  two  to 
three  atmospheres,  the  liquefied  acid  was  used  as  the  source  of  gas. 
The  supply  of  gas  was  obtained  in  a  convenient  form  by  evohing  it 
in  the  usual  manner  from  sulphuric  acid  and  copper,  and  by  well 
washing  it  through  bulbs  containing  water,  then  passing  it  into  glass 
tubes  with  long  necks  of  about  15  cb-cs.  capacity  placed  in  a  freez- 
ing mixture.  As  soon  as  the  tubes  were  nearly  fiUfid 
with  Bolphurous  acid^  tke  necks  were  bent,  as  shown 
in  Fig.  2,  and  afterwards  closed  before  the  blow* 
JHyJi  pipe.  Each  tube  oontained  a  sufficient  quantity  of 
sulphurous  acid  for  one  experiment,  the  tube  b 
being  of  the  same  diameter  as  the  neck  of  the  bulb* 
appttratua  to  which  it  waa  directly  attached. 
]>ifferent  arrangements  of  the  same  method  were  adopted* 
acoording  aa  the  determination  waa  to  be  made  under  a  preesnie^ 
equal  to;,  greater^  or  less  than^  the  ordinary  atmotpherie  preasure. 
For  determining  the  abeorption  under  ordinary  pieisares,  one  of  the 
tnbea  of  salpibnroos  acid  waa  placed  in  a  fireeaing  mixture  and 
opened  hy  catting  off  the  narrow  tube  at  i,  Fig.  2,  Uie  end  of  thia 
tube  was  then  rounded  before  the  blow-pqpe,  and  connected  by  n 
carefiilly  made  donUe-aheet  caontdionc  joining  with  the  end  a  of  a 
bulb  apparatna,  Fig.  S,  of  which  the  capadly  and  weight  wen 
luiown.  The  bulb  e  of  tliia  apparatus,  capable  of  containing  firom 


2  to  5  cb-cs.  water,  was  placed  in  a  water^bath,  ^ 
waa  provided  with  arrangements  for  the  supply 
of  hot  and  cold^  and  for  the  egress  of  waste 
water.  In  tbia  water-bath,  and  near  to  the  bulb 
apparatus,  was  placed  atbermometor  which  bad 
been  carefully  compared  with  a  normal  instm* 
ment  from  the  Kew  Observatory.  The  tem« 
peraturc  of  the  bath  was  easily  kept  constant 
at  any  required  point,  by  continual  agitation  with  a 
stirrer,  and  by  running  in,  as  required,  hot  or  cold  water.  The 
apparatus  was  so  arranged  that  the  tube  of  liquid  acid  was  fixed 
outside  the  water-bath,  and  at  such  a  distance  from  it,  that  when 
operating  at  high  temperatures,  the  heat  might  not  cause  too 
rapid  an  evolution  of  gas.  In  this  way,  a  very  steady  stream  of 
sulphurous  acid  could  be  passed  through  the  bulb-tube  without 
the  slightest  difficult  ;  the  ordinary  temperature  of  the  atmoq^here 
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not  being  high  enough  to  cause  the  gas  to  be  given  off  too 
quickly,  and  the  evaporation  from  the  surface  of  the  liquid  acid 
cooling  it  down  considerably.  After  the  liquid  in  the  bulb  had 
been  saturated,  the  gai  was  still  allowed  to  pass  through  it  for  about 
20  minutes  longer  in  order  to  insure  that  the  liquid  attained  the 
exact  temperature  of  the  water-bath.  Thjb  limb  of  the  bulb  nearest 
to  the  tube  of  BulfAimmi  add  was  tlieii  closed  by  pressing  the 
caoutchouc  joining  with  a  aorew-clamp,  and  afterwards  the  other 
Hmb  bj  pressing  in  a  similar  way  a  sheet-caoutchouc  tube  with  which 
it.  was  provided.  The  bulb  was  then  separated  from  the  tube  of 
sulphurous  acid,  removed  firom  the  water-bath,  placed  in  a  freezing 
mixture  and  hermeticaUy  seded  at  c  and  d  (Fig.  3).  The  height 
of  tko  barometer  was  then  observed ;  the  bulb  and  its  contents, 
together  with  the  ends  of  eaeh  limb,  wore  again  weighed ;  the 
temperatare  in  the  ba3ance>casB  was  noted;  and  also  the  lieight 
of  tiie  barometer  at  tlie  time  ofweighing.  The  bulb  was  next 
eatefoUy  bsokm  under  water,  and  the  solution  diluted  with  water 
op  to  a  certain  known  volmne,  sueh  that  the  liquid  did  not  ooutsin 
more  Hian  <HW  p.c.  of  sulphurous  add,  the  water  in  both 
oases  having  been  xeoently  boiled.  An  aliquot  portion  of 
this  was  then  taken  for  analysis,  and  the  smount  of  sulfihurons 
acid  it  contained,  was  determined  by  the  additiim  of  starch  and 
a  ataadard  iodine-solution,  of  which  every  cubic  centimetra 
correq^nded  to  a  certain  known  weight  of  sulphurous  add* 

F^romi  these  data,  the  weight  of  sulphurous  acid  absorbed  by  one 
gramme  <)f  water  at  the  obsenred  pressure  and  temperature  was 
easily  calculated.  An  example  will  best  show  the  mode  of 
calculation.  The  following  were  the  data  obtained  in  one 
experiment : 

Weight  of  bulb-apparatus  empty       ss    21  0399  ^rnis. 
Capacity  of  apparatus  to  c  A  s    18-38  cb.o. 

Weight  of  bulb  and  contents  »    24*3800  grms. 

Barometer  at  closing  «  746-9  mm. 

Temperature  of  bath  »   20°  C. 

Barometer  at  weighing  bulb  and  contents  ^  748*2  mm. 
Temperature  in  balance-case  at  weighing)    _  14,°  5  C 

bulb  and  contents) 
Tension  of  aqueous  Tspour  at  20°  C.   as  17*4inm. 

The  contents  of  the  bulb  diluted  up  to  1000  cb.  c,  of  which 
100  cb»  c  required  for  oxidation  28  1  cb.c.  of  a  standard  iodine* 
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solution,  of  which  1  cubic  oentimetre  corresponded  to  0*001212 
grm.  of  sulphurous  add.  •  » 

1000  cb.  c.  of  sulphurous  add  iA(f  C.  and  760  mms.  weigh 
2-8606  grms. 

1000  cb.  c.  of  air  at  0°  C.  and  760  mm.  weigh  1*294  grms.  * 
From  the  above  data  we  find  that  the  total  quantity  of  sulpburons 
acid  would  require  281  cb.  c.  of  iodine  solution.   The  whde  of  the 
sulphurous   acid    contained  in  the  bulb   weighed,  therefore, 
281  X  0  001212=0*3 406  grm.    The  capacity  of  the  bulb  at  0°  C. 
and  760  mms.  was  found  to  be  17*08  cb.  c.    The  weight  of  this 
volume  of  air  is  0*022  grm.   The  contents  of  the  bulb,  vis.,  the 
water  and  total  sulphurous  acid  weighed  24*88*21.0699=3-8401 
grms.  The  weight  of  the  contents  and  the  weight  of  air  displaced 
may  tiierefofe  be  taken  as  8*8401 +0*022k8-8821  grms*  This 
being  taken  as  the  capadtj  of  the  liquid  in  cubic  centimetres, 
the  volume  of  sulphufous  acid  ^  contained  in  the  bulb  at  20P 
and  under  a  pressure  of  746*9 — 17*48729*5  mm.  is  18*22-^8*86s 
14*86  cb*  o.   The  weight  of  this  gas  was'  found  to  be  0*0882  grm. 
The  sulphurous  acid  dissolved  is,  therefoie,  0*3406—0*0882= 
0*8024  grm.  The  weight  of  water  which  dissolves  this  Weight  of 
sulphurous  sdd  is  therelbre  8^8621  —0*8406=8*0215  grms. 

The  weight  of  sulphurous  acid  which  1  grm.  of  water  will 
dissolve  at  a  temperature  of  20^  G.  and  a  pressure  of  729*5  mm. 
0*3024 

is  therefore,  gr^^  5  ^  0:1002  grm.  The  volume  of  sulphurous 

acul  lucasmcd  at  0^  C  and  760  mms.  which  1  ^m.  of  water 
will  dissolve,  under  the  same  circumstances,  is  found  to  be 

If  the  amount  of  gas  absorbed  were  directly  proportional  to  the 
pressure,  at  a  temperature  of  20°  C,  and  under  the  normal  pressure 
of  760  mm.,  1  grm.  of  water  would  dissolve  01043  grm.  and 
1  cb.  c.  would  dissolve  36"  17  cb.  c.  of  sulphurous  acid. 

Under .pressitres  srrcatcr  than  that  of  the  atmosphere,  a  l^ulb- 
apparatus  similar  to  that  used  for  ordinary  pressures  was  employed. 
The  requisite  quantity  of  boilQd  water  having  been  introduced  into 
the  bull),  a  tube  of  liquid  sulpliurous  aeid/was  attached  by  means 
of  a  sheet-eaoutehoue  joining  to  the  limb  a  of  the  bulb  (Fig.  4) ;  to 
the  other  limb  d  was  attached  in  a  similar  way.  the  burette-shaped 
apparatus  C,  which  , tilled  with  mercury,  is  used  ibr  obtaining  the 
necessary  pressure.    Between  the  tubes,  thus  connected  with 
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caoatcboDC  joiningtj  tnffioMiit 
zoom  WM  left,  to  allow 
them  to  be  closed  with 
ierew-clamps  at,  the  oondu-  / 
non  of  the  experimeni.  To 
xeoder  these  joimiige  aUe  to 
withstand  the  preaenrej  they 
•mm  fif  at  boand  tightly  to  the 
leapeotiye  tohes  with  copper 
wir^  and  ofcr  the  middle  por- 
tion of  eaoh  of  those  joinings, 
a  piece  of  brass  foil  was  tightly 
felded  which  was  allowed  to 
overlap  the  glass  tubes  at  both 
ends.  Sach  of  the  ends  of 
these  pieces  of  foU  was  then 
tightly  bound  round  with 
strips  of  sheet'lead^  and  these 
were  secured  to  the  tubes,  by 
means  of  small  iron  semicir- 
cular screw-clamps  (Pig.  4^). 

The  apparatiis  thus  put 
together  was  perfectly  air- 
tight under  pressures  up  to 
three  atmosplieres,  and  could  be  closed  at  pleasure,  by  prising 
together  tlic  copper  foil  witli  s(  row -clamps.  Into  the  wide  tube  d 
of  the  apparatus  wliicli  was  divided  into  millimetres,  and  was 
about  2000  mm.  long,  a  small  quantity  of  mercury  was  placed,  so 
as  to  shut  off  all  access  of  air  to  the  other  part  of  the  apparatus* 
When  the  sulphurous  acid  evolved  from  the  liquid  acid  in  the  • 
tube/,  and  passing  through  the  water  in  the  bulb-apparatus,  had 
expeUed  all  the  air  from  the  apparatus,  mercury  was  by  degrees 
ponred  into  the  difided  tube  d,  until  the  necessary  pressure  was 
reached ;  the  joiiung  nearest  the  tube  of  sulphorona  aci^  was  then 
dosedf  by  means  of  a  screw-clamp ;  the  bulb-appsiatus  was  placed 
in  a  freeBtng*mixtnre ;  and  when  the  rise  of  the  mercury  in  the 
tube  e  of  the  apparatus  above  that  in  the  tube  d,  indicated  a 
minms  pressure  in  the  bulb-apparatus,  thesulphnroos-acidtabe  was 
removed  by  sealing  off  the  bulb-apparatus  at  the  narrowed  part  of 
the  limb  a.  The  tempeiatore  of  the  freeaing  mixture  was  then « 
gradually  increased  by  pouring  in  water^  until  it  became  one  or ; 
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two  degrees  higher  than  the  tempemture  at  which  the  determina. 
tioQ  was  to  be  made ;  the  gas  thus  set  free  from  the  water  in  the 
bulb-apparatus^  bubbled  up  through  the  merenry  in  tube  d.  When 
no  more  gas  -escaped^  the  bulb-apparatus  was  transferred  to  the 
wateiwbath,  already  deicribedy  in  which  it  kept  at  the  required 
oonatant  temperature;  owing  to  the  reduction  of  temperature 
the  water  in  the  bulb  now  diaaolTed  a  fttftker  quantity  of  gasy 
and  in  consequence^  the  mercury  rose  a  small  distance  up  the  tube 
«.  When  the  height  of  the  column  of  mercury  in  this  tube  had 
remained  constant  te  20  or  80  minutes^  the  heights  of  botb  columns 
of  merenry  were  read  off  on  the  scale  upon  the  wider  tube  d. 
The  second  limb  of  the  bulb-apparatus  was  then  dosed  by  pressing 
together  the  brass  foil  with  a  screw-clamp. 

The  bulb-apparatus  was  next  lemored  from  the  water^baA, 
placed  in  a  freesing  mixture,  and  as  soon  as  the  tension  of  the 
liquid  had  become  less  than  the  pressure  of  the  atmosphere^ 
separated  entirely  from  the  vest  of  the  apparatus  by  sealing  it  off 
at  Hie  narrowed  part  of  the  Hmb  b  (Fig.  4).  The  height  of  the 
barometer  was  then  read  off^  the  bulb  and  its  contents  weighed^ 
the  height  of  the  barometer  at  weighing  and  the  temperature  of 
the  balance-case  beiug  also  noted.  The  contents  of  the  bulb  were 
then  cooled  down  by  placing  it  in  a  freezing  mixture,  and  the 
amount  of  sulphurous  acid  was  determined,  as  before  described,  by 
breaking  it  under  recently  boiled  water,  diluting  the  solution  to  a 
certain  known  volume,  and  taking  an  aliquot  portion  of  this 
solution  for  iodometric  analysis. 

In  order  to  determine  the  amount  of  the  gas  dissolved  under 
pressures  less  than  one  atmosphere,  the  method  was  modified  in 
the  following  manner.  Instead  of  the  bulb-apparatus  (Fig.  3) 
employed  in  both  the  former  eases,  a  simple  bulb  (Fig.  5)  blown 

upon  the  end  of  a  pla'*8  tubf  was  made  usf  of. 
These  bulbs  had  a  capacity  of,  from  10  to  30  cb.cs. 
Into  one  of  such  bulbs  was  introduced  from  5  to 
15  grms.  of  recently  boiled  water,  which  was  then 
saturated  with  sulphurous  acid,  evolved  from  one 
of  the  tubes  of  liquid  acid  the  water  being 
kept  just  above  5°  C,  at  which  temperature  the 
solid  hydrate  melts.  As  soon  as  the  water  in  the 
bulb  wae  saturated  with  sulphurous  acid  at  this 
temperature^  a  sheet-caoutchouc  tube  containing  a  spiral  of  plati- 
num  wiie^  was  bound  with  copper  wire^  on  to  the  open  end  of  the 
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Lnlb-tabe.  This  bulb-tube  WM  then  connected  in  a  similar  way, 
bj  the  other  end  of  the  caojatohonc  tube^  to  the  shorter  limb  of  a 
syphon-shaped  tube  (Fig.  6)«  the  longer  limb  of  which  was 
^▼ided  into  nuUimelm  and  dipped  under  memury  contained  in  a 
ghui  tiXNigh.  The  ^phon-ahaped  tube  waa  previoiialy  filled  with 
aolpliiiroiia  aeid  gaa. 

When  the  apparatua  waa  thus 
amangedy  the  l^nid  in  the  bulb 
waa  giadnally  heated ;  large  qoasf- 
titiea  of  aolphnfoaa  acid  were 
thna  e^olTedy  and  eonaeqnently 
the  apparatua  waa  aoon  fieed 
ftooi  air.  Acoording  aa  it  was 
deiired  to  hare  a  greater  or  a  leaa 
preasure,  a  smaller  or  larger 
amount  of  ^as  was  expelled. 
The  requisite  amount  of  gaa 
having  been  driven  out,  the  bulb 
was  placed  in  the  water-bath,  and 
kept  constantly  at  the  required 
temperature.  Owing  to  the  re- 
duction of  temperature  of  the 
water  in  the  bulb,  a  portion  of 
the  gas  in  the  bulb  and  tube  was 
absorbed:  consequently,  t lie  mer- 
cury rose  in  the  divided  tube. 
When  the  height  of  this  column 
of  mercury  had  remained  stationary  for  about  a  quarter  of  an  honr, 
-»and  the  equilibrium  was  soon  reached,  if  the  liquid  in  the  bulb 
was  frequently  agitated  by  shaking  the  bulb  in  the  water-bath, — 
the  height  of  the  column  of  mercury  waa  read  off  on  the  divided 
aeale.  The  bulb  was  then  dosed,  by  pressing  the  caoutchouc 
joining  with  a  screw-clamp,  and  removed  ftom  the  rest  of  the 
apparatus  by  sealing  it  off  at  the  naxrowed  part  with  the  blow-pipe 
flame.  The  height  of  the  barometer  waa  then  noted,  the  bulb 
weighed,  and  ita  contenta  analyaed  in  eiactly  the  same  way  aa  in 
the  two  former  caaes. 

Betemunationa  of  the  adubiUty  of  anlphuioaa  add  in  water 
under  preaanrea  wying  between  that  of  a  few  millimetrea  and  that 
of  three  or  four  atmoqphezea,  were  made  at  each  of  four  difoent 
temperaturea,  Yis. :  7^,  2QI°C,  89»«8C,  and  WfC.  The  reaulta  of 
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these  experiqients  are  ananged  in  the  following  Tables,  in  which 
P  signifies  the  partial*  pressure  ondor  which  the  absorption  takes  ■ 
place;  G>  signifies  the  wdf^t,  in  grammes,  of  sulphurous  aeid' 
which  one  gramme  of  water  will  dissolve  under  the  partial  pres- 
sure P;  and  Y  signifies  the  volume  of  gas,  in  cubic  eentimetras, ' 
which  1  grm.  of  water  will  dissolve  under  the  partial  pressure  P.  ^ 

Eor  every  temperature,  two  Tables  are  given.    The  direct  expe- 
rimental results  are  found  in  the  first  of  each  of  these.   Column  U  ^ 
contains  the  weight  of  solphuroiia  aeid  absorbed  by  1  gim.  of' 
water  under  the  correaponding  partial  pressure  amoged  in 
Colamn  I;  Column  HI  contains  the  weigiit  of  solpliuroiis  aoid 
which,  according  to  each  experiment,  would  haTe  been  ainorbed' 
under  the  standard  pressure  of  760  mm.,  upon  the  sappositioii  thai 
the  amount  of  gas  dissoWed  varies  durectly  with  the  pmsnre.  In' 
Cdnmn  IV  is  firand  the  wdght  of  sulphurous  acad  aheoibed  mider. 
the  pressure  P,  calculated  by  means  of  a  caceftd  gnq[>hical  inters 
pdation  from  the  numbers  of  Column  II ;  and  ColumnV  eontasns 
the  weight  of  sulphurous  add  which,  aeoording  to  the  graphioal 
interpolation,  would  have  been  absodbed  under  a  pressure  of 
760  mm.,  supposing  that  the  gas  obeyed Balton  and  Henry's  law* 
The  second  TaUe  for  eadi  temperalnre  coutabM  a  complete  aeries 
of  interpolated  yalues  for  regular  increments  of  pressure,  seen  in 
Column  I ;  Column  II  gives  the  weight  of  sulphurous  add  absorbed 
under  the  partial  pressure  P ;  Column  III  contains  the  weight  of 
acid  which,  according  to  the  values  in  the  second  column,  would 
have  been  absorbed  under  the  pressure  of  7i'A)  mm.,  upon  the 
supposition  that  the  gas  obeyed  the  law  of  absorption.  The 
columns  IV  and  V  contain  the  volumes  of  sulphurous  acid  (mea- 
sured at  0°(3  and  760  mm.),  corresponding  to  the  weights  in 
Columns  II  aud  III  respectively. 

•  By  partial  preasure  is  meant,  fho  *otal  pressure  under  which  the  abaoipttiOili'telcM 
place,  minus  (he  tension  of  sqaeoiu  vapour  at  the  aeyeral  temperatares. 
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SobMUty  <^  Su^hvroui  Acid  in  water  at  7^0. 

i 


I. 

n. 

III. 

nr. 

V. 

p. 

ObM 

Cklodatad. 

e.atp. 

0.  at  P. 

G.atTflO.. 

27 

0 

0-010 

0  278 

0  010 

0  273 

49 

•8 

0  015 

0  224 

0016 

0  224 

89 

•6 

0  025 

0  208 

0  025 

0  -208 

1S3 

•7 

0  035 

0  -196 

0  035 

0  199 

239 

•0 

0  059 

0  189 

0  059 

0  189 

741 

•8 

0  173 

0177 

0  -172 

0  177 

757 

•1 

0  174 

0  -174 

0  -176 

0  176 

770 

•8 

0  178 

0  176 

0  179 

0  170 

986 

•8 

0-228 

0-176 

0-220 

0-174 

1291 

■0 

0  -293 

0172 

0  293 

1 

0  172 

SohbiUiy  of  Sulphurous  Acid  in  water  at  7°C» 

II. 


r. 

II. 

III. 

IV. 

V. 

I. 

II. 

nr. 

IV. 

T. 

-.p. 

0.«tP. 

Q.tt78a, 

▼.•IP. 

P. 

e.atp. 

•if: 

y.atTflO,. 

80 

0  010 

0-268 

3  t;34 

92  06 

400 

0-096 

0-182 

38  61 

68  66 

40 

0  018 

0-242 

4-451 

84-65 

450 

0107 

0*181 

87  -44 

68  26 

60 

0  016 

0-223 

6  -129 

77  95 

600 

0118 

0-180 

41  -42 

62  -94  ' 

60 

0  017 

0-218 

6  024 

76  -28 

650 

0-130 

0  179 

46  31 

62  -60 

70 

0-080 

0*218 

6-868 

74-66 

600 

0-141 

0-178 

49 -SO 

69 -as  . 

80 

0  022 

0  210 

7-743 

78-55 

650 

0162 

0-178 

53  10 

62  09 

.  90 

0  026 

0-208 

sm 

72  62 

700 

0  163 

0-177 

50  98 

61  86 

100 

0  -027 

0-S05 

9-491 

71  -60 

760 

0«174 

0-176 

60-88 

61.69 

120 

0  032 

0-201 

11  09 

70  20 

760 

0-176 

0  176 

61  05 

61  65 

140 

.  0  086 

0  197 

12-71 

69  00 

800 

0  185 

0-170 

64  74 

61  50 

160 

0  041 

0-196 

14-84 

68  16 

850 

0  196 

0  175 

68  -67 

61  80 

180 

0  046 

0  193 

15  97 

67-40 

900 

0  207 

0-176 

72-41 

61-16 

200 

0  060 

0  -191 

17-69 

66-83 

950 

0-218 

0-176 

76-25 

61  00 

220 

0  065 

0190 

1919 

66  -30 

1000 

0  -229 

0  174 

80  01 

60  -88 

240 

0  059 

0188 

20  -79 

66-84 

1060 

0-240 

0-174 

83  97 

60  -77 

260 

0  004 

0  -187 

22  40 

65-44 

1100 

0-251  ; 

0  174 

87  80 

60  05 

280 

0-069 

0-186 

23-99 

6610 

1200 

0  273 

0  173 

95-45 

60  46 

300 

0  -078 

0  1S5 

25  59 

64  -81 

1800 

0-295 

0  172 

108  00 

60-S6 

8ftO 

0  086 

• 

0-184 

»29-66 

64  16 

• 
< 
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SokMUiy  of  Sulphurwi  AM  In  w0Ut  MitXfiC. 

L 


IL 

UL 

IV. 

V. 

F. 

Criwiitrt 

e.  at  p. 

0.tt7i(k. 

O.alF. 

1  G.at7fl& 

83*4 

0  008 

0  148 

0-006 

0  148 

60  •! 

0-009 

0  188 

0  009 

0*188 

66  0 

0  oil 

0  188 

0  011 

0-188 

77  -3 

0  018 

0  127 

0  013 

0  129 

78-4 

OOIS 

0  129 

0  018 

0  129 

82-2 

0  014 

0  126 

0  014 

0-126 

121  8 

0  020 

0-118 

0  019 

0  121 

291  -0 

0  048 

0  111 

0  048 

0-117 

446  -6 

0  064 

0-109 

0-064 

0-108 

658-2 

0  094 

0-lOS 

0-091 

0  106 

728-0 

0  100 

0-104 

0  100 

0  104 

0*100 

0  104 

0*100 

0-104 

780  -8 

0-100 

0-104 

0-100 

0-104 

1570  0 

0-218 

0  105 

0-214 

0  104 

1911*0 

0*M0 

0*104 

0*M0 

0*104 

aobibUity  qf  Su^kuroui  Acid  t»  water  at  WC, 

II. 


I. 

II. 

IV. 

y. 

L 

U. 

UL 

nr. 

T. 

F. 

0.  at  P. 

Q.  at  760. 

▼.■IF. 

F. 

ObMtF. 

0.  at  980 

T.atF. 

▼.■tnoi 

40 

0-007 

0  143 

2-687 

60  09 

800 

0  -044 

0111 

15-84 

88  -87 

60 

0-009 

0-188 

8-171 

48-20 

860 

0-060 

0110 

17-66 

88-85 

60 

0  011 

0*186 

8*718 

47-10 

400 

0-069 

0  109 

20-66 

88*10 

70 

0-012 

0-131 

4-205 

45-64 

450 

0  064 

0-108 

28-87 

87-77 

80 

0  013 

0  127 

4-663 

44-80 

600 

0-071 

0-107 

94  67 

87-50 

•0 

0-016 

0  126 

6 -109 

48*66 

650 

0*077 

0*106 

96  09* 

97*90 

100 

0-016 

0-124 

6-692 

48-25 

600 

0  088 

0  106 

29-14 

86-90 

120 

0  019 

0-121 

6-683 

42  83 

660 

0-090 

0  105 

81-89 

86*70 

140 

0-022 

0119 

7-690 

41  -76 

700 

0-006 

0*106 

88*69 

96*60 

160 

0  025 

0  118 

8-6ti6 

41  17 

750 

0  103 

0  104 

35-94 

36  43 

180 

0  028 

0117 

9-652 

40-75 

760 

0-104 

0  104 

36-43 

86-48 

200 

0-080 

0116 

10-62 

40-35 

800 

0*110 

0  104 

38  -82 

36-40 

220 

0  -033 

0115 

11-69 

40  03 

1000 

0-187 

0  104 

47  -86 

36  -87 

240 

0  036 

0  114 

12  -  .^^ 

39  70 

1800 

0-178 

0-104 

62-10 

86  81 

260 

0  038 

0112 

ia'46  1 

39  -30 

1600 

0-218 

0-104 

76  -36 

86  -27 

MO 

0*041 

O'llS 

14*41 

80*10 

1900 

0*969 

0*104 

90-68 

36*11 
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Solubiliiy  of  Sulpkurout  Acid  in  water  at  39*8**C, 
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r* 
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6.a»P. 

0.  tt  780. 

206  0 

0  017 

0-062 

0  017 
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208  1 

0  038 

0  060 

0  028 

0  061 

696  0 

0  054 

0-069 

0  054 

0  069 

607*6 

0  064 

0*050 

0*064 

0  060 

701-6 

0  058 

0  055 

0-053 

0  059 

0-116 

0  066 

oiia 

0  067 

SOtl'O 

0-160 

O'OffO 

0.160 

0*0<7 

Solubility  of  Sulphurous  Acid  in  water  at  39'S°C, 

II. 


L 

n. 

III. 

IV. 

V. 

t 

n. 

m. 

IT. 

T. 

p. 

0.  »t  p. 

0,  at  7«0. 

V.  at  P. 

V.  at  700. 

P. 

G.  at  P. 

0.at7<W. 

T.  at  P. 

T.[ak760 

200 

0-016 

0  -062 

5-676 

21  -57 

760 

0  059 

0-059 

20  -60 

20-50 

800 

0-024 

0  061 

8-868 

21  -20 

800 

0  062 

0  069 

21  -68 

30-60 

400 

0  061 

0*060 

11  -08 

S0*05 

1000 

0  077 

0  058 

26*84 

SO -40 

600 

0-039 

0-059 

18  67 

20-77 

1500 

0  -118 

0  057 

89  -66 

20  -09 

600 

0  047 

0  069 

16-89 

20  64 

2000 

0-149 

0-067 

62  11 

19*80 

SolubilUff  qf  Sulphuroui  Add  i»  water  at  dO""  C* 

L 


I. 

II. 

III. 

IV. 

V. 

p. 

Calculated. 

0.at7W. 

a.«if. 

anna 

191  -5 
664  0 
IMIO 

0-011 
0-089 

0-m 

0  Oil 
0  089 
0-lSO 

0  046 
0  046 
0-046 

0-046 
0-046 
0  044 

SokMUip  qf  au^^humtM  Add  m  mater  at  SO^C. 

IT. 


L 

IL 

ni. 

IV. 

•  V. 

L 

II. 

IIL 

IV. 

T. 

P- 

0.  It  P. 

G.«t7«li. 

It  P. 

V.at7flO. 

P. 

G.  Hi  p. 

G.  al  760 

V.  Bl  P. 

V.  at  760. 

900 

0*019 

0*045 

4*166 

16*79 

800 

0  047 

0*046 

16 -48 

MfO 

400 

0  024 

0-046 

8  -275 

16  72 

1000 

0  059 

0  046 

20-61 

16*6» 

600 

0  036 

0  046 

12  86 

15-66 

1500 

0  088 

0-044 

80-78 

16*67 

760 

0-045 

0  045 

15-62 

15  62 

2000 

0-U3 

0*044 

89*07 

16-66 
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Thai  $t  a  tmperature  of  7^  sulpburoas  add  is- not  abaorbed 
by  water  in  quantities  directly  proportional  to  the  preasnie  ia 

distinctly  seen  from  the  numbers  in  the  third  and  flfth  columns 
of  the  second  Table  for  this  temperature,  which,  instead  of  being 
equal  to  one  auothcr,  or  deviating  ou  citlier  side  of  a  mean  value, 
as  they  mudt  do  if  Dalton's  law  of  absorptiou  were  applicable, 
gradually  decresise  with  increasing  pressure.  This  variation  from 
the  law  of  absorjition  is  also  clearly  seen  by  reference  to  the  curve 
for  this  temperature  (curve  7°  Fig.  7)  which  graphically  represents 
the  relations  expressed  in  Column  III  of  the  second  Table,  the 
pressures  being  arranged  as  abscisssBj  and  the  numbers  of  Column 
III  as  ordiuates. 

A  similar  examination  of  Columns  III  and  V  of  the  second  of  the 
Tables,  giving  the  quantities  of  sulphurous  acid  absorbed  at  20°  C, 
as  well  as  of  the  curve  for  this  temperature  (curve  20°  Fig.  7) 
shows  that  at  this  higher  temperature,  also,  the  gas  does  not 
obey  Dalton's  law,  and  that  the  de\4ation,  although  smaller 
than  at7°C,  is  perfectly  regular  and  perceptible.    When  the  tem- 
perature at  which  the  absorption  occurs  rises  to  39°*8  C,  the 
deviatiou  firom  the  law  becomes  still  smaller,  as  is  seen  from  the 
numbers  in  Columns  III  and  Y  of  the  second  Table  for .  this 
temperature,  as  also  firom  the  corresponding  carve  (line  39**'8, 
Fig.  7)  which  closely  af»proachet  a  straight  line,  parallel  with  liie ' 
axis  of  X,'  At  a  temperature  of  SQPC^  the  quaiftitj  of  sulphurona 
acid  absorbed  in  water  becomes  directly  proportional  to  the 
pressure^  all  vahatioii  between  the  several  pumfaiera  in  Columns  III 
and  V  of  the  aeccmd  Table,  giving  the  experiments  at  thia  tem- 
perature, baying  beeome  imperceptible.  -  The  same  conduaion  ia 
arrived  at  by  an  examination  of  the  horiaontal  athdght  line  (line 
60^.  Fig.  7  J  which  gives  a  graphical  representation  df  the  same 
numbers* 

Erom  all  these  experiment^  we  may  therefore  oondudei  (I),  that 
the  deviatioiis  firom  the  law  of  Dalton  and  Henry,  whidi  sul- 
phuroua  add  and  water  exhibit,  measured  under  pressures  firom 
OOS  to.  2  metres  of  mercury,  vary  according -to  the  temperature  at 
which  tiie  abflorptbn  occurs;  and  (II),  (hat  this  deviation  becomes 
less  as  the  temperature  increaaesy  so  that  wliilat  bdow  4ISf  C,  ^e 
non-accordance  with  the  law  is  considerable;  above  this  tem-^ 
peraturc  no  variation  can  be  percdved. 

In  the  preceding  Tables  will  be  found  the  weight  of  ga.s  dissolved 
by  1  grm.  of  water  at  each  of  the  experimental  temperatures,  7*  C, 
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•  HO^  C.  39°*8  C,  60**  C,  under  a  common  partial  pressure  of  760  mm., 
reduced  to  this  common  pressure  by  interpolation  of  the  direct 
observations  at  the  several  temperatures,  i  rom  these  values,  those 
for  the  intermediate  temperatures  were  obtained  by  graphical 
interpolation. 

Column  I  of  the  following  Table  contains  the  temperatures; 
Column  II  contains  the  corresponding  weights  of  sulphurous  acid 
absorbed  by  1  grm.  of  water  j  Column  III  contains  the  corre- 
sponding volumes  of  sulphurous  acid  absorbed  by  I  grm.  of  water^ 
all  under  a  common  partial  pressure  of  760  mm. 

The  line  which  represents  the  relation  between  the  weight  of 
sulphurous  acid  dissolved  in  water,  under  a  pressure  of  760  ram, 
and  the  temperature  at  which  the  absorption  occurs  may  be  seen 
by  reference  to  Fig.  8. 

BokuinlUy  qf  Sulphurous  Acid  in  IVatei',  at  different  TemperaiureSt 
under  a  jn'esnure  qf  760  mm.  <^  Mercury. 


I. 

II. 

m. 

I. 

IL  • 

UL 

V* 

0. 

TO. 

e. 

▼. 

8 

0168 

68-7 

80 

0078 

27-8 

r  * 

10 

0-IM 

S8*0 

82 

0*0TS 

25*7 

12 

0-142 

49-6 

34 

00R9 

24-8 

H 

0-180 

46-6 

86 

0-066 

22-8 

• 

IS 

0*121 

42*2 

88 

0*052 

21-S 

1« 

0-112 

89-8 

40 

0058 

20-4 

20 

0*104 

86-4  • 

42 

0-066 

19-8 

S» 

0*008 

84*2 

44 

0-058 

18*4 

24 

0-003 

828 

46 

0050 

17-4 

S6 

0087 

80-6 

48 

0  047 

16-4 

« 

28 

0-088 

28-9 

60 

0045 

15-6 

The  numbers  in  the  above  Table  do  not  exactly  agree  with  those 
formerly  given  by  Schonfeld ;  the  differences  are,  however^  not 
more  than  can  be  easily  accounted  for  by  the  employment tifotiier 
methods,  and  by  the  fact  that  Schonfeld  made  his  corrections 
£>r  pressure  dependent  on  Dalton  and  Henry's  lawj  and  that  he 
neglected  to  subtraet  the  tenakm  of  aqpeona  vapour  fiFom  his 
harain^tric  oolamna, 

2.  Jkterminatum    the  Tennm  qf  Sidphmrim  Add. 

The  method  described,  by  which  the  absorption  of  sulphurous 
acid  in  water  under  pressures  higher  th&n  the  ordinary  atmo- 
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spheric  pressure  is  estimated,  led  to  tlic  following  simple  method 
of  determixung  the  tension  of  the  Tapour  of  liquid  sulphuroos 
acid : — 

One  of  the  tubes  of  liquid  sulphurous  acid  was  hermetically 
sealed  on  to  the  tube  e  of  the  apparatus  C  (Fig.  4).  The 
operation  of  sealing  these  tubes  together  is  rather  a  difficult 
one,  but  when  once  done,  the  joining  will  bear  with  more 
rough  treatment  than  one  made  of  a  caoutchouc  tube  coTcred 
with  brass  foil,  and  all  {X)ssibility  of  escape  or  failure  is  avoided. 
The  whole  apparatus  was  first  freed  from  air  by  allowing  the  snl- 
pbnroiis  acid  to  pass  for  some  time  through  a  small  quantity  of  mer- 
cury placed  in  the  wider  tube  d  of  the  i^paratus  C  (Fig.  4) ;  the 
tube  d  was  then  filled  up  with  mereoxy.  The  tension  of  the  ml- 
phurous  acid  at  any  temperature  was  then  determined  by  placaiig 
the  tube  of  liquid  acid  in  a  water-bath  of  the  required  temperature, 
keeping  it  constant  at  the  desired  point,  untU  the  level  o£  the 
mercury  in  the  tube  e  was  perfectly  constant,  and  then  reading  o£f 
the  height  of  the  mefcmry  in  both  tubes,  and  obsernBg  the 
bavometrie  piOBSUie* 

The  neeessaij  eonrections  being  made  Ibr  reducing  the  column 
of  mercury  in  tiie  tube,  and  that  in  tiie  barometer  to  0^  C,  ihe 
tension  aiiSbe  gas  wss  equal  to  the  column  of  merooiy  m  the  tube 
-I-  the  hd^t  of  the  barometer. 

The  Ibllowmg  TMb  shows  the  resolt  of  two  series  of  such  deter* 
minations,  the  tension  c£  the  gas  at  each  temperature  being 
given  in  millimetres.  The  tensions  conespondlng  to  those  tem- 
peratores  to  which  an  asterisk  is  prefixed  were  obtained  by  direct 
experiment,  the  cttheis  by  graphical  interpolation  from  the  ex* 
perimentsl  numbers. 


Tension  of  Sulphurous^cid, 


• 

Vinnp. 
in 
•0 

Tenaion. 

Temp, 
in 

•c. 

Tension. 

1. 

IL 

I. 

II. 

III. 

•0* 

11621 

U8S-S 

11061 

•  8* 

1696-0 

1 

1209-0 

•  9 

1656-7 

2 

i25ro 

•10 

1724-5 

1720-8 

1719*5 

•8 

1810*4 

1809*7 

•11 

1790-8 

1781-0 

4 

1864-0 

12 

1862-0 

•6 

14210 

1421*8 

1421-1 

*18 

1926-8 

1980*1 

9 

1478*0 

14 

2008-0 

•7 

1681-4 

•16 

«)07-7 

9004*8 
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Since  these  experiments  were  made^  Begnault  has  published*  a 
series  of  determinatioiis  of  the  tension  of  the  Tapoor  of  sulphurous 
acid.  The  close  agreement  of  Regnault's  numbers  found  In 
Column  III  of  the  above  Table  with  the  xesnlts  of  my  own  expe* 
riments  in  Columns  I  and  II,  may  serve  as  a  proof  of  the  eKacti« 
tude  of  the  simple  method  which  I  have  employed. 

The  results  of  the  foregoing  Tables  are  approximately  given  by 
the  following  formiilay  which  was  kindly  furnished  me  by  'Brat 
Clifton 


Gat  760 


2540  9205 


100/10338  62760\ 


where  G  and  P  retain  their  foormer  signification^  and  /  represents 
the  temperature  in  degrees  centigrade. 

The  following  Table  shows  the  dose  agreement  of  the  results 
calculated  fimm  this  formula  and  those  obtained  by  direct  experi- 
ment : — 


p 

• 

7'C. 

20°C. 

40''C. 

CUa 

Fraud. 

CUo. 

Found. 

cue. 

Found. 

Okie. 

Found. 

40-0 

0-245 

0-242 

0-149 

0-143 

50*0 

0-281 

0-223 

0-140 

0138 

100-0 

0-208 

0-205 

0-122 

0124 

200-0 

0-189 

0191 

0-113 

0116 

0-061 

0-062 

0-049 

0-045 

600-0 

0-181 

0-180 

0-108 

0107 

0-069 

0-059 

0-049 

0-046 

800-0 

0-175 

0-176 

0-108 

0-104 

0  058 

0-069 

0-048 

0*045 

1000  0 

0-178 

0174 

0-100 

0104 

0-058 

0-058 

0-048 

0  046 

1200  0 

0-177 

0-178 

0-106 

0-104 

0-068 

0-067 

0-048 

0-045 

ISOO'O 

0-105 

0-104 

0-058 

0*057 

0-048 

0044 

200<H> 

O'lOff 

0-104 

0-058 

0  057 

0*048 

0  044 

8.  Ammoma  in  Watof. 

The  experiments  made  by  Professor  Itpscoe  and  Mr.  Dittmar, 
on  the  absorption  of  ammoniaf  in  .water  proye  that^  at  the  tempe- 
rature of  O^'C.^  this  gas  does  not  obey  Balton  and  Henry's  law 
of  pressures.  Since  all  their  experiments  with  this  gas,  under 
various  pressures,  were  made  at  a  temperature  of  (fC.  (those  made 
at  higher  temperatures  being  all  under  the  ordinary  atmospheric 
pressure)^  I  was  induced  to  extend  the  enquiry  to  pressure  expe- 


*  Compiefl  Kendus,  tome,  1.  p.  1068.  U  Jnbl,  1880. 
t  OkMB.  Soc.  Qn.  J.,  ToLxii»  Pi  188. 
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rimcTits  at  higher  temperatures,  in  order  to  determine  whether 
ammonia,  like  sulphurous  ocid,  was  dissolved  at  higher  tempe- 
ratures more  nearly  in  acoordauce  with  Dalton's  law  of  absorption. 

The  temperatures  whicli  were  selected  for  experiment  were 
20°C.,  40'^C.,  and  lOO^C.  Before  eommencing  these  determinations, 
I  made  several  experiments  at  (fC. ;  hut,  finding  that  my  results 
corresponded  sufficiently  with  those  obtained  by  ^lossrs.  Roscoc 
and  Dittmar,  I  was  satisfied  to  take  their  numbers  as  expressing 
the  solubility  of  ammonia  under  various  pressures  at  ()°C.  Tlic 
experiments  made  with  ammonia  were  conducted  in  a  way  exactly 
timilar  to  that  employed  for  the  sulphurous  acid,  at  least  under 
pressures  equal  to,  and  less  than  that  of  the  atmosphere.  As 
•  source  of  anunoiua  gaSy  a  mixture  of  about  equal  weighta  of 
chloride  of  ammonium  and  slacked  lime  was  used,  the  gas,  before 
entering  the  absorption-bulbs,  being  well  washed  by  passing  through 
a  series  of  bulbs  containing  water.  In  the  experiments  made 
under  pressures  greater  than  that  of  the  atmosphere,  the  water  in 
the  bulb-apparatus,  after  being  attached  to  the  tube  e  of  the  appa- 
ratus C  (fig*  4),  was  saturated  with  ammonia  at  a  temperature  of 
about  fl&Xj,i  the  limb  next  the  fiask  in  which  the  ammonia 
gas  was  generating  was  then  sesled  off,  the  other  Hmb  still  remahi- 
ing  connected  with  the  tube  e  of  the  appsratna  C  by  a  sheet- 
caoutchouc  joining  covered  with  brass-foil.  The  bulb  and  contents 
were  then  gradually  heated  up  to  the  temperature  at  which  the 
determination  was  to  be  made,  the  necessary  quantity  of  mercury, 
according  to  the  pressure  required,  being  introduced  into  the 
wider  tube  d  of  the  apparatus  c  (fig.  4.)  When  the  bulb  had 
remained  in  the  bath  at  the  required  temperature  for  some  length  of 
time,  and  the  height  of  the  mercury  in  the  tnbe  e  remained  constant, 
the  bulb  was  closed  in  the  usual  way,  and  the  ammoma  contained 
in  it  was  determined  by  analysis  in  the  following  nuuiuer: — 
The  bulb,  after  being  weighed,  was  broken  in  a  beaker-glass  under 
water  containing  a  known  vohime  of  a  standard  hydrochloric  acid 
solution,  tlie  strength  of  which  hud  been  accurately  determined, 
according  to  Gay  Lussae's  well-known  volumetric  method,  with 
pure  silver.  Care  was  taken  to  have  more  hydrochloric  acid 
present  than  was  necessary  to  neutralise  the  ammonia  in  the  bulb, 
the  excess  of  acid  being  determined  by  the  addition,  from  a  burette, 
of  a  standard  soda  solution,  until  the  litmus  was  rendered  blue. 

The  following  Table  contains  the  direct  results  of  experiments 
made  imder  various  pressures  at  each  of  the  temperatures  0°  C, 
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20'' C,  40''C,  100"^  C.  P  signifies  the  partial  pressure  on  tbe  gas 
in  millimetres ;  and  G  signifies  the  weight  in  grammes  of  ammonia 
absorbed  at  the  Tarions  temperatures  by  one  gramme  of  water 
under  the  pressure  P.  Column  lit  in  this  Table,  for  each 
temperature,  contains  the  weight  in  grammes  of  ammonia  which 
one  gramme  of  water  will  dissolve,  reduced  fiom  the  numbers 
Ibund  in  Column  11,  to  a  common  pressure  of  70Q  mm.,  on  the 
supposition  that  the  gas  is  dissolved  in  quantities  directly  pro- 
portional to  the  pressure.  For  the  temperature  (fC,,  the  results 
in  the  Table,  marked  with  an  asterisk,  were  taken  from  Messrs, 
Boscoe  and  Dittmar's  paper^  in  order  to  complete  the  series 
at  (TO.  The  results  at  the  other  pressures  agreeing  so  nearly 
with  those  of  these  chemists^  that  it  was  not  considered  necessary 
to  make  a  complete  series  of  determinations  at  this  temperature. 


Solubiiiiy  qf  Ammonia  tn  Heater* 

T. 


P. 

(r 

C. 

P. 

20°  C. 

G  at  760. 

Q  at  7601 

I. 

11. 

III. 

I. 

11. 

HL 

20  7 

0-084 

3101 

45-5 

0100 

1-666 

♦97-0 

0-274 

2147 

206-1 

0.236 

0  871 

•2410 

0-463 

1-460 

735-4 

0-508 

0-525 

•452  0 

0-652 

1-096 

1526-0 

0-811 

0-404 

749-6 

0-888 

0-900 

2076-0 

1-018 

0-878 

757-7 

0-900 

0-903 

•19680 

3187 

0-827 

P. 

40'' 0. 

P. 

lOO'O. 

drtP. 

0  At  760. 

OatP. 

Gat  700. 

I. 

XL 

lU. 

L 

IL 

lU. 

76-8 

0-050 

0-497 

688-4 

0-067 

0-074 

184-3 

0H2 

0-461 

1078-0 

0-104 

0-073 

7011 

0-322 

0-349 

1419-0 

0-135 

0-078 

ISM'O 

0-522 

0-248 

91S9-0 

0-609 

0-214 

The  following  Table  contains  a  series  of  interpolated  values  for 
the  several  temperatures,  which  were  obtained  by  measurement 
from  the  graphic  representations  of  the  direct  observations, 
made  at  each  of  the  temperfttures  0'  C,  20°  C,  40^  C,  and  100**  C, 
which  are  contained  in  the  preceding  Table. 
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Solubility  qf  Ammonia  in  Water. 

■ 

11. 


I. 

II.  1 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 

IX. 

p. 

40OC. 

lOQPG. 

0.  at  P 

G.  al  760. 

G.  at  P 

G.  at  760. 

0.  at  P. 

e^tfcp. 

so 



0-082 



3  113 



80 

0  117 

2-960 

40 

0-148 

2-820 

60 

0«199 

8-622 

0  119 

1*618 

80 

0-240 

2-280 

0141 

1  337 

0-052 

0-497 

100 

0-280 

2127 

0-1  r»8 

1  -200 

0-064 

0-490 

120 

0-816 

2-000 

0-173 

1  095 

0*078 

0*488 

140 

0-346 

1  -880 

0  187 

1  017 

0  088 

0-476 

160 

0-375 

1-780 

0  -202 

0  -962 

0-008 

0-470 

180 

0-898 

1  -684 

0-217 

0-918 

0*109 

0*469 

200 

0-421 

1  -598 

0  232 

0-881 

0  120 

0  -455 

250 

0-472 

1  -434 

0  ^fJtj 

0-810 

0-146 

0-440 

•  800 

0-519 

1  -815 

0  296 

0  750 

0-168 

0  426 

850 

0-568 

1  -223 

0  -325 

0-705 

0  191 

0  414 

400 

0-606 

1-152 

0  -353 

0  -670 

0  211 

0  -402 

• 

450 

0  -650 

1-100 

0  -378 

0  638 

0-232 

0  -  .392 

000 

0  -692 

1  062 

0-408 

0  -612 

0-251 

0  382 

650 

0-732 

6  012 

0  -425 

0  -587 

0  -2*^9 

0  372 

000 

0-770 

0-975 

0  -447 

0-566 

0  287 

0  -363 

6ff0 

0*800 

0-046 

0-470 

0  -650 

0-304 

0  855 

700 

0-850 

0  92.'] 

0-492 

0  -534 

0  -820 

0  347 

0  068 

0-074 

760 

0-891 

0  903 

0-514 

0-521 

0  836 

0  839 

0  073 

0  074 

760 

0-899 

0  899 

0-618 

0-618 

0*888 

0*888 

0*074 

0*074 

800 

0;'37 

0  -888 

0  -535 

0  -608 

0  349 

0  -332 

0  078 

0  -074 

850 

0-9S0 

0  876 

0  556 

0  497 

0  368 

0-825 

0-083 

0  074 

900 

1  -029 

0  -869 

0-574 

0-486 

0-878 

0-819 

0*088 

0*074 

050 

1077 

0  -862 

0  594 

0  -475 

0  •:i9i 

0  313 

0-092 

0  078 

1000 

1  -126 

0-855 

0  618 

0  -466 

0-404 

0  307 

0-096 

0  073 

1050 

1  -177 

0  -852 

0-632 

0-457 

0-414 

0-800 

0-101 

0  078 

1100 

1  -230 

0  -860 

0-651 

0-450 

0-425 

0-294 

0  -106 

0-078 

1160 

1-288 

0  -848 

0  669 

0  442 

0  434 

0-287 

0-110 

0  073 

1200 

1  -836 

0-846 

0-685 

0  433 

0-445 

0  282 

0  115 

0  073 

1960 

1-388 

0-844 

0-704 

0-428 

0-454 

0-276 

0  120 

0-073 

1300 

1  -442 

0-843 

0-722 

0  -422 

0  -463 

0  -271 

0  125 

0  073 

1850 

1  -496 

0  842 

0-741 

0-417 

0-472 

0  266 

0-180 

0  073 

1100 

1*649 

0*841 

0  761 

0-413 

0*479 

0*960 

0*186 

0*078 

1450 

1  -603 

0  -840 

0-780 

0-409 

0-486 

0-256 

1500 

1  -656 

0-839 

0-801 

0  406 

0-498 

0-260 

1600 

1-768 

0-885 

0*849 

0-400 

0*611 

0*949 

1700 

1  -861 

0-832 

0  -SSI 

0  -SP  l 

1  .180 

0-237 

1800 

1  -966 

0-830 

0  919 

0-388 

U  547 

0  -231 

1900 

2  070 

0-828 

0-955 

0-382 

0*666 

0-226 

2000 

0*992 

0-877 

0-579 

0  220 

aioo 

0-694 

0-216 
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From  the  graphical  representations  of  the  values  at  the  several 
temperatures,  the  experiments  for  each  temperstnre  were  reduoed 
to  a  oommon  presMire  of  760  mm.  fHieaeTaliies  wQlbefbmid  in 

the  preceding  Tahlc:  from  them  the  nomben  contained  in 
Column  II  of  the  following  Table,  which  are  the  weights  in 
grammes  of  ammonia  absorbed  by  one  gramme  of  water  under  a 
pressure  of  760  mm.,  at  the  several  temperatures  in  Ckilumu  I, 
were  obtained  by  graphical  intcrpolatiou. 


Solubility  of  Ammonia  in  Water  at  different  temperatures,  tmder 
a  pressure  of  760  mm,  of  Mercury* 


L 

II. 

1. 

U. 

0-899 

52°  C 

0-274 

2  „ 

0-853 

54 

0-205 

4  „ 

0-809 

56  „ 

0-256 

6  ., 

0-765 

68  „ 

0-S47 

8 

o^m 

•0  » 

0-iSS 

« 

10  „ 

0-684 

62  „ 

0-229 

12  „ 

0-C46 

64  „ 

0-2'20 

14  „ 

0-611 

66  „ 

0-211 

16  „ 

0-578 

68  „ 

0-202 

18 

0-64(i 

70 

0194 

20  „ 

0-618 

72  „ 

0-186 

22  „ 

0-490 

74 

0-178 

24  „ 

0-467 

76  „ 

0170 

26  „ 

0-440 

78  „ 

0162 

28  „ 

0-426 

80  „ 

0-154 

80  „ 

0-408 

82 

0-146 

82  „ 

0393 

84  „ 

0138 

84  „ 

0-S78 

86  „ 

0'180 

86  „ 

0-S68 

88  „ 

0-128 

38  „ 

0-350 

90 

0114 

40 

0-838 

92  „ 

0-108 

42 

0-3-26 

9i„ 

001*8 

44  „ 

0-315 

99  „ 

0-090 

*«  « 

0-304 

W„ 

0*082 

48 

0-294 

100  „ 

0-074 

50  „ 

0-284 

■ 

By  a  comparison  of  the  Tables  of  the  absorption  of  sulphurous 
acid  in  water  with  those  of  ammonin,  it  is  eddcnt  that  at  low 
temperatures  neither  of  these  gases  is  absorbed  directly  as 
the  pressure :  for  the  observed  amounts  dissolved,  under  low 
pressores,  at  low  temperatures,  are  much  larger  than  the  cal- 
culated amounts  reduced  from  the  observed  amounts  dissdved 
under  oidinarf  ftesmves,  at  the  same  temperatures,  to  the  several" 
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low  pressures  at  which  determinations  were  made,  on  the  supposi- 
tion that  the  i^ases  obeyed  Dalton  and  Henry's  law. 

From  the  preceding  Tables  it  may  also  be  seen  that  both  gases, 
as  the  temperature  increases,  become  g:ra(hiully  absorbed  in 
quantities  more  nearly  directly  proportional  to  the  pressure.  At 
a  temperature  of  50°  C,  sulphurous  acid  appears  to  be  absorbed 
quite  in  accordance  with  the  law  ;  whilst  ammonia  appears  to 
obey  the  law  at  100"  C.  A  graphical  representation  of  the 
pressure  experiments  made  upon  ammonia  at  diffcfeut  tempera* 
tures  will  be  found  on  reference  to  Fig.  9. 

The  lines  in  Fig.  9,  it  must  be  noticed,  represent  the  relation 
between  the  prei»ures  and  the  numbers  obtained  hy  reducing  the 
olMerred  volomee  of  gas  disBolyed  under  the  sereral  pressures  to  a 
common  pressure  of  760  mm.,  on  the  supposition  that  the  gas 
obeyed  Dalton  and  Henry's  law.  Fig*  10  gtves  the  line  which 
represents  the  relation  between  the  temperature,  and  the  weight  of 
ammonia  absorbed^  under  a  pressure  of  760  .mm.,  by  one  gramme 
of  water. 


n. — On  Sugar  in  the  Vrme, 
By  H.  Bbncs  Jones,  F.B.S. 

Pabt  1.  On  the  detection  of  Sugar  when  added  to  Heaithy  Urine, 

The  detection  of  small  quantities  of  sugar  in  water  and  in  a 
solution  containing  organic  and  inorganic  substances,  constitute 
two  questions  as  different  as  the  detection  of  small  quantities  of 
arsenic  or  opium  when  dissolved  in  pui'c  water  or  in  a  compound 
fluid. 

Toothing  is  easier  than  to  determine  the  presence  of  small  quan- 
tities of  sugar,  arsenic^  or  opiuui  in  distilled  water;  but  when 
organic  matters  are  also  present,  the  dilliculty  of  the  analysis 
becomes  sometimes  excessive.  Very  small  quantities  cannot  be 
detected.  The  limit  that  can  be  found  varies  with  each  substance, 
according  to  the  nature  and  amount  of  the  organic  matter  present, 
according  to  the  process  of  separation  used^  and  according  to  the 
skill  of  the  cliemist. 

In  cases  of  poisoning,  the  separation  of  the  poison  from  the 
contents  of  the  stomach,  or  irom  the  substance  of  the  different 
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organs  of  the  ])ody,  constitutes  the  whole  difficulty ;  and  this  is 
also  true  regarding  the  detection  of  sugar.  Whatever  process  is 
used  for  separating  the  sugar  and  the  organic  matter,  some  diffi- 
culties will  he  met  with,  and  some  limit  to  the  quantity  of  sugar 
that  can  be  detected  will  be  found. 

It  is  the  object  of  the  first  part  of  this  paper  to  show  the  diffi- 
culties and  limits  which  exist  when  Lehmann's  process  for  detect- 
ing sugar  in  the  urine,  or  tlie  fermentation  ^togobb,  or  Soleil's 
•  Sacchari meter,  or  Briicke's  processes  arc  used. 

I  am  much  indebted  to  Drs.  Ulrich  and  Valentine  for  carrying 
out  my  wishes,  and  for  making  the  results  as  trustworthy  as  possible. 

Lehmant^t  Proeea. 

In  his  ''Physiological  Chemistry (TranslatiGii,  p.  285,  vol.  i), 
Lehmann  says,  "  If  a  specimen  of  urine  contain  very  little  sngar^ 
it  ia  adYisable  to  extract  the  solid  residue  with  alcohol,  to  precipi- 
tate the  sugar  by  the  alcoholic  solution  of  potassa,  to  dissolve  the 
compound  of  sugar  and  potossa  in  wateri  and  then  to  apply  the 
tulphate  of  cc^per  test*" 

Some  expearimenis  were  first  made  on  the  solubility  of  potass- 
sugar  in  alcohol  of  different  strengths. 

SOOcc  of  alcohol  were  made  of  three  different  degrees  of 
strength,  90°,  80^  70^,  and  the  same  amount  of  grape-sugar  was 
Jidded  to  each,  The  rotation  was  found,  by  the  saocharimeter,  to  be 
between  8"  and  0^  ,•  the  temperature  was  18  C.  (W  F.).  The  sugar 
was  precipitated  by  potassa,  washed  with  absolute  alcohol,  and 
dissolved  in  water;  and  the  solutions  were  neutralised  with  hydro- 
chloric acid,  evaporated,  decolorised,  and  examined  by  the  saocha- 
rimeter. The  al  cohol  of  90°  then  gave  4P  of  rotation.  The  alcohol 
of  80"  gave  2  ut  rotation.    The  alcohol  of  70°  gave  no  rotation* 

A  sini  dar  experiment  was  repeated  with  an  amount  of  sugar  which 
gave  ir  to  l^''  rotation.  The  alcohol  of  90°  gave  6''  of  rotation. 
The  alcohol  of  80°  gave  4^°. 

1  grn.  of  pure  grape-sugar  was  dissolved  in  50  c.  c,  in  100  c.  c, 
and  in  150  c.  c,  of  an  alcohol  between  80°  and  90°,  and  potassa 
dissolved  in  alcohol  of  the  same  strength  was  added  to  each  solu- 
tion. In  each  a  precipitate  fell,  but,  after  standing  many  hours, 
it  was  scarcely  perceptible  at  the  bottom  of  each  glass. 

1  gni.  of  su^ar  in  300  c.  c.  of  alcohol  between  80°  and  90°,  gave 
a  scarcely  perceptibi^e  precipitate  with  potass-alcohoU  . 
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On  the  other  hand,  the  whole  of  the  sugar  was  precipitated 
when  6  grus.  of  f*ugar  were  dissolved  in  200  c.  c.  of  methylated 
alcohol  of  99°;  and  when  3  grns.  were  disdolvcd  in  150  c.  c.  of 
alcohol  of  98^  to  100°  treated  with  potaasa,  and  the  sugar-potasaa 
determined  by  the  saccharimcter,  the  whole  was  regained. 

These  experiments  show  that  the  evaporation  of  the  nrine  must 
he  carried  nearly  to  dryness  in  order  that  the  residue  may  be 
treated  with  nearly  absolute  alcohol.  It  was  therefore  necessary 
to  determine  the  effect  of  the  evaporation  on  the  suf^ar  added  to 
the  urine.  Known  quantities  of  sugar  were  added  to  urine  before 
and  after  evaporation. 

1000  c,  c.  of  urine  were  evaporated ;  6  gms.  of  sugar  were  then 
added  to  the  residue^  which  was  cactracted  with  alcohol  and 
ultimately  3  gmg.  of  sugar  were  recovered. 

325  c.  c.  of  nrine^  treated  the  same  way  with  8  grna.  of  mgar 
gave  5^  grns.   A  second  experiment  gaTe  the  same  result. 

If  to  100  c.  c.  of  urine  8  gnu,  of  sugar  were  added,  and  the 
evaporation  in  the  water-bath  was  carried  to  dryness ;  6  gms,  were 
recovered  by  extraction  with  alcohol. 

A  second  experiment  gave  the  same  result. 

When  the  same  quantity  of  sugar  was  added  to  500  c  e.«  4  gms, 
were  recovered. 

If  to  500  ce.  urine  15  gms.  were  added,  between  7  and  8  were 
recovered  after  evaporation. 

In  lOOOcc,  when  8  gms.  of  sugar  were  added,  only  2  gms. 
were  recovered.  "When  the  same  quantity  was  added  to  2000  e.  c, 
a  trace  only  was  detectable. 

Hence,  during  evaporation  of  small  quantities  ci  nzine,  there  ia 
but  little  decomposition  of  the  sugar  that  fa  added;  but  when 
large  quantities  of  urine  are  evaporated  in  the  water-bath,  much 
sugar  is  lost;  and  Lehmann's  process  for  detecting  sxnall  quan- 
tities of  sugar  in  the  urine  is  not  sufficiently  delicate. 

On  the  Fermentation  Test. 

Of  all  the  tests  fbr  sugar,  the  most  oondnsive,  when  it  can 

be  obtained,  is  the  production  of  carbonic  acid  and  alcohol  by 
yeast. 

The  following  points  were  examined  : — 1.  Whether  equal  quan- 
tities of  yeast  give  off  equal  quantities  of  carbonic  acid, — that  is, 
whether  any  error  ariset>  from  deducting  the  quantity  of  carbonic 
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add  gim  off  by  the  yoMfe  telf  from  the  qnantity  given  off  by 
the  yeert  and  sugar  together?  d.  What  it  the  kast  quantity  of 
aogar  in  water  and  nnne  that  can  be  detected?    3.  What  effect 

urea,  oxalate  of  urea,  and  the  residue  of  the  urine  have  on  the 
process  of  fermentation  ?  4.  What  is  the  delicacy  of  the  test  as 
compared  with  the.  saccharimcter  and  Fehliug-'s  sohition? 

1.  On  the  carbonic  acid  given  oil  by  yeast  washed  once  with 
water  :^ — 

SSi^grns.  of  yeast  gave  1*57  carbonic  acidas0'42gnis.  per  cent. 
In  second  experiment, — 

240*70  gms.  of  yeast  gave  0  75  carbonic  acid  =  0*31  per  cent. 
821-47  „  „    100        „        «0-81  „ 

2.  What  is  the  leaat  qpmHty  (rf  aogar  In  witor  and  nrine  that 
can  be  determined? 

Half  a  gm.  of  grape-sugar  with  29*99  gma.  yeast,  gave  0*39 

gm.  carbonic  add. 
88'08  gms.  yeast  without  any  jngar  being  added  gave  0*16  gm. 

carbonic  add. 

Therefore  39*99  gms.  ycaat  gave  0*14  grn.  carbonic  add. 
Hence,  half  a  gm.  of  augar  gave  0*89  — 0*145  gm<  carbonic 

acid  =  0-21.. 

Theoretically  =  0-24. 

In  a  second  experiment,  after  the  yeast  liad  been  well  washed  to 
remove  every  trace  of  alcohol,  the  following  numbers  were 
obtained : — 

Half  a  gru.  of  sugar,  with  40*58  grus.  of  yeast,  gave  0  34  carbonic 
add. 

Without  sngar^  52*27  gma.  of  yeatt  gave  0*06  .*.  40*68»  give  *046t 

Hence,  half  a  gm.  of  sugar  gave  0*84— 0*06 ss0*29  carbonic-add. 

The  residoe,  after  fermentation^  was  put  into  the  smaUest 
poasible  retort,  and  heated  to  boiling. .  The  first  drc^  that  oime 
over  weie  tested  for  alcohol  thus To  one  cubic  centimetre  of  a 
moderatdy  atrong  solution  of  bichromate  of  potassa,  two  or  three 
drops  of  concentrated  aulphuric  acid  were  added,  and  then  a  few 
drops  of  the  liquid  supposed  to  contain  alcohol.  Heat  was  then 
gently  used,  and  the  fluid  immediately  became  green  firom  the 
alcohol  present. 
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Henoe,  half  a  gm.  of  sugar  in  water  giyes  carbonic  acid  that 

can  be  weighed  and  alcohol  that  can  be  detected. 

One  grn.  of  sugar  was  then  added  to  6  cubic  ecu ti metres  of 
urincj  and  this  fluid,  without  concentration,  was  fennented,  aud 
the  sugar  was  detected.  But  if  1  grn.  of  sugar  was  added  to 
50  c.  c.  of  urine,  and  this  evaporated  to  5  or  6  c.  c,  no  fermenta- 
tion occurred  on  the  addition  of  yeast;  neither  was  any  fermenta- 
tion observed  when  two  or  three  grains  of  sugar  were  added. 

If  3  gms.  of  sugar  were  added  to  30  c.  c.  of  urine,  and  this 
evaporated  to  20  c.  c„  the  fluid  quickly  fermented/  and  the  loss  of 
weight  was  nearly  the  theoretical  quantity. 

The  effect  of  urea  nnd  of  oxalate  of  urea*  was  then  determined. 

The  same  sugar-solution  was  fermented  without  urea  and  with 
a  small  quanti^  of  urea. 

Without  Urea.  With  Ux«a. 

l«t  Exp.       2nd  Exp. 
AroamtM  Willi  mgarMlattmi  tad  TttMt     I403-io        1606-63  1402-60 
n       wllhout      M       M       M         1840S0         1S61'90  imH 


162-80  IM^ 

AppftiatM  b«fow  fqnttqataikn  .  14M10        iaM-6S  140t^ 

„      ate        f,       n  im-M        1485-78  1881-64 

Carboaic  acid  given  off    ...      .      SO-84  90-90  20*96 

Heaoe,  the  presence  of  the  urea  did  not  affect  the  fermentation. 

If  a  concentrated  solution  of  urea  was  taken,  and  8  gms.  of 
sugar  'were  added  to  6  c  c  of  solution,  no  trace  of  fermentation 
occurred. 

When  4  gms.  of  oxalate  of  urea  were  added  to  34i-6  gms.  of 
sugar  in  solution,  fermentation  luroceeded ;  but  if  much  oxalate  of 
urea  was  present,  fermentation  was  stopped. 

4  gnt.  of  Oxalate 

of  Urea.  Much  oxalate. 

Apparatus  with  oxalate  of  urea  and  yeast  KUB  IK)  1416-23 
.     „      without      „        „        „  .  1295-08 


Yeast  218-28  12115 

Apparatus  befbie  fennentation     .      .   1618-90  1116-23 
„      after         „  •      .   1603*76  1415*20 

Carbonic  acid  given  off  .  .  .  .  14-94  103 
Carbonic  acid  given  off  by  yeast  alone  •  1*00 

*  Szperim«ati  wen  made  irith  oxshte  of  niea,  because  ihlt  mibitanoe  existed  In 
«Im  femcnUng  fluid  whm  llis  una  was  ehteliy  mnoved  bgr  oisUo  add  added  to  Hm 
ooQOcatniied  nilna 
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Hence,  with  much  oxalate,  the  fermentation  was  almost  entirely 
stopped. 

On  the  comparison  of  the  delicacy  of  the  Fermentation- test,  and 
with  Fehliny' s  standard  solution* 

A  watery  solution  of  grape  sugar  was  prepared  which  gave  a 
tolation  of  104^=2*288  grains  of  sugar  in  each  ealnc  centimetre.^ 
15  c.  a  of  this  solutions84'^  grains  of  sugar  wexe  iSennented 
with  yeast  that  had  been  onoe  washed.  A  second  experiment  was 
made  with  the  iame  quantities,  and  a  thiid  experiment  was  made 
to  detennine  the  carbonic  acid  in  the  yeast 

iBt  Experiment  Snd  ExperimflnL  Srd  Bzpcrim<»it. 
Yeast  employed        .       263-90          270T>6  21015 
Carbonic  acid  given  off       18*29           18*70  0'6j» 
Carbonic  acid  in  yeast         0*76  0*78 


Carbonic  acid  in  sugar       17*58  17*92 

Hence  sugar  in  each  o.c. 

pf  solution  as2*876  grainsas2'487  grains 

10  c  c.  of  the  same  solution  were  diluted  to  160  c.c^  and 
tested      fresh  prepared  Fehling's  solntion. 

10  c  0.  of  Fehlin  g' s  solution  were  reduced  by  5*6  c.  c  of  the 
diluted  sugar  solution. 

Hence  10  c  o.  of  the  solution  before  dilution  contained  21*9 
grains  sugar^  and  each  c.  c.  contains  2*192  grains  sugar. 

Ilcncc  in  each  cubic  centimeter  of  the  solution  there  were 
present : — 

By  fermentation,  2*371  and  2*437  grs.  sugar  mean=2*356  grs. 
By  saccharimeter       .  .         •  •  2*288  grs. 

By  copper  test  •         •         •         •         2*192  grs. 

On  SoUil*9  Saccharimeter, 

Before  the  saccharimeter  can  be  used,  the  fluid  about  to  be 
examined  must  be  decolorised.  To  effect  this,  animal  ehaicoal^ 
acetate  or  subacetate  of  lead  and  ammoniay  or  chlorine  gas  must 
be  used.  These  substances,  whilst  removing  the  colour,  keep  back 
or  destroy  some  of  the  sugar,  and  it  was  desirable  therefore  to 
detennine  the  loss. 

*  Thiii  number  is  obtained  by  making  a  solution  of  sugar  whicii  contains  .01 
gramoM  «f  logar  la  eaeli  caUo  eeatimttra  vbea  eiamiacd  by  FehUag's  s^tfoa. 
TMsimflsntofSBgMrfaisBfaUMiglfiisgmdqgweirf  rotattgn. 
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First,  charcoal : — A  colourless  solution  of  sugar  which  gave  7° 
of  rotation  was  mixed  witli  animal  charcoal,  boiled  for  a  few 
minutes,  and  left  for  a  few  minutes  longer,  l)efore  it  was  filtered. 
The  charcoal  was  washed  three  or  four  times  w  ith  hot  water.  The 
washings  were  added  to  the  fluid  which  first  came  through,  and 
the  whole  was  then  found  to  give  the  same  rotation  as  at  fii-st. 

A  fluid,  dark  brown  from  tlic  colouring  matter  of  the  urine  had 
three  grains  of  sugar  added  to  it,  and  it  was  then  rai\ed  with 
animal  charcoal ;  after  standing  some  time,  it  was  tiltered,  and  aa 
it  was  not  colourless,  it  was  again  treated  with  animal  charooa]« 
and  this  was  repeated  a  third  time.  The  animal  charcoal  was  many 
•times  washed  with  hoi  water.  The  dear  fluid  ultimately  obtained 
was  euimined  by  the  saccbarimoter^  and  the  loss  was  found  to  be 
not  more  than  the  frequent  titrations  might  account  for. 

A  colourless  solution  of  sugar  in  water  gave  between  9  and  lO"" 
of  rotation.  75  c.  c.  of  this  solution  were  shaken  with  a  small 
quantity  of  purified  and  fresh-burnt  animal-oluuNXMd^  the  fluid  was 
tiien  filtered^  and  the  charcoal  was  not  washed.  The  solution  then 
gave  between  7*  and  8^  of  rotation. 

76  o.  c.  of  the  same  solution  with  twice  i^e  quantity  of  animal 
charcoal  gave  a  rotation  between  6°  and  6^. 

75  c.  c  of  the  same  solution  with  three  times  the  quantity  of 
animal  charcoal,  gave  a  rotation  of  between  4^  and  6^ 

One  volume  and  a  half  of  tiie  same  sugar-solution  was  mixed  with 
one  Tolume  of  animsl  charcoal.  The  clear  fluid  which  passed 
through  the  filter  was  found  to  have  lost  half  its  rotating  power. 

It  follows  from  tlicsc  experiments,  that  a  large  excess  of  animal 
charcoal  retains  much  sugar,  and  that  the  more  charcoal  used  the 
less  sugar  passes  through  the  filter ;  but  all  the  sugar  that  is  kept 
back  can  be  washed  out  with  boiling  water. 

It  was  desirable  to  know  how  much  charcoal  could  be  used 
without  perceptible  loss  of  sugar.  50  c.  c.  of  a  pure  solution  of 
sugar  gave  27°  of  rotation.  It  was  mixed  with  between  55  and 
60  grains  of  charcoal  shaken  and  filtered,  and  then  gave  26®. 

25  c.c.  of  a  nearly  colourless  diabetic  urine  were  diluted  to  55  c.c; 
the  rotation  was  then  between  15"  and  16°.  50  c.  c.  of  the  same 
urine,  shaken  with  60  grs  of  charcoal^  gave  a  colourless  solution 
which  rotated  between  sr  and  32^ 

Some  experiments  were  made  with  wood-cliarcoal  to  see  its 
effects  on  sugar  and  on  the  colouring  matter  of  the  urine. 

The  woodrchsjrooal  was  finely  powderedi  but  not  fimdi.  burnt. 
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One  Yoliinae  of  pure  sugar  solution  was  shaken  with  half  a  volume 
of  wood  charcoal,  and  left  to  stand  for  some  time.  The  solution 
ga?e  19°  of  rotation  both  before  and  after  treatment.  The  same 
charcoal  was  shaken  with  urine,  the  fluid  which  filtered  through 
was  nearly  aa  dark  coloured  as  at  first. 

These  experiments  were  repeated  with  fresh  bamt  wood 
charcoal.  The  solution  of  sugar  was  not  affected.  The  colouring 
matter  of  the  urine  was  partly  removed,  but  the  whoLe  of  the 
eoloiir  could  not  thns  be  taken  away. 

On  the  action  qf  basic  and  neutral  acetate  qf  lead  en  eobUione 

qf  euffor. 

Dr.  E.  Robiquet,  in  his  instructions  for  using  his  diabetometer, 
says  that  25  c  c.  of  diabetic  urine  are  to  be  mixed*with  Ice. 
of  extract  of  lead  and  1  a  c.  of  liquid  ammonia.  The  whole 
is  to  be  shaken  Ibr  some  minutes  to  give  a  deposit.  If  the  dear 
liquid  is  not  completely  deootorisedy  the  same  quantity  of  lead  and 
ammonia  is  again  to  be  added.  If  the  decoloration  is  then  com- 
plete, the  amount  of  sugar  may  be  determined  by  the  amount 
of  rotation  observed. 

25  c.  c.  of  sugar-solution  were  diluted  to  50  c.  e.  with  water. 
Two  experiments  gave  21''  and  22"  of  rotation.  The  same  quantity 
of  the  same  solution  was  mixed  with  20  c.  c.  of  neutral  acetate  of 
lead  and  2  c.  c.  of  ammonia,  jyul  the  whole  wiis  diluted  to  50  c.  c. 
after  filtration  the  rotation  was  found  to  be,  in  the  first  experiment, 
between  18°  and  19°,  and  in  the  second  experiment  18°.  25  c.  c. 
of  sugar-solution  diluted  to  50  c.  c.  gave  between  9°  and  10°  of 
rotation.  25  c.  c.  of  same  solution  with  2  c.  c.  of  acetate  of  lead 
and  2  c  c.  of  liquid  ammonia,  and  the  whole  diluted  to  50  c.  c. 
gave  only  7°  of  rotation. 

By  using  three  times  as  much  solution  of  lead  and  ammonia^  the 
lotation  was  only  4°  to  5°. 

On  the  aetkm  of  basic  acetate  of  lead  akme, 

50  c.  c.  of  urine  were  nii\rd  with  a  solution  of  sugar  which  gave  9° 
of  rotation;  after  precipitation  by  basic  acetate  of  lead  it  was  found  to 
have  lost  3**  of  rotation.   A  second  experiment  gave  the  same  re  suit. 

A  urine  which  gave  between  8°  and  9°  of  rotation  gave  from 
5°  to  6°  after  precipitation.  The  lead-precipitate  was  washed  with 
hot  water  on  the  filter  and  boiled  with  hot  water,  but  the  sugar 
could  not  be  removed. 
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In  order  to  compare  the  action  of  basic  and  neutral  acetate  of 
lead  on.  saccharine  urine  and  on  solutions  of  sugar  in  water  alone^ 
and  in  water  with  oomnum  salt  and  water  and  phonphate  of  soda, 
the  foUowing  ezperimenta  were  made. 

A  pore  sugar-solution  gave  10**  to  11°  of  rotation;  when  mixed 
with  oommon  salt  and  precipitated  by  basic  acetate  of  lead,  it 
gave  the  same  rotation;  when  more  common  salt  was  used,  no 
difference  was  obserred. 

A  solution  of  sogar  which  gave  9°  of  rotation  was  mixed  with 
solution  of  common  salt  and  urate  of  soda,  and  precipitated  by 
basic  acetate  of  lead ;  the  rotation  was  then  found  to  be  between 
T*  and  8°.  When  the  qnantity  of  salt  and  urate  of  soda  waa  less, 
the  rotation  was  8°» 

A  solution  of  sugar  giving  between  10^  and  11^  of  rotation  was 
mixed  with  much  phosphate  of  sodsy  and  then  precipitated  by 
basic  acetate  of  lead  x  it  then  gave  8P  to  9\ 

A  solution  of  sugar  which  gave  5%  after  being  mixed  with  much 
phosphate  of  soda  and  preapitated  by  basic  acetate  of  lead,  gave 
from  8**  to  4^  of  notation. 

A  solution  giving  10^  to  11^,  mixed  with  a  little  urate  of  8od% 
and  then  precipitated  by  basic  acetate  of  lead^  gave  10^  of  rota- 
tion. 

When  neutral  acetate  of  lead  was  used  instead  of  basic  acetate^ 
very  different  results  were  obtained. 

A  pure  sufjar- solution  ^avo  10°  to  11"  of  rotation.  "Wlicii  the 
solution  was  mixed  with  common  salt,  phosphate,  and  urate  of  soda, 
it  gave,  after  precipitation,  10'  to  11°  of  rotation,  and  the  rotation 
was  unchanged  when  a  greater  amount  of  these  salts  was  added 
before  precipitation. 

Ist.  These  experiments  confirm  the  fact  that  a  pure  solution  of 
sugar  is  not  precipitated  either  by  basic  or  by  neutral  acetate  of 
lead,  but  that  sugar  is  precipitated  by  neutral  acetate  of  lead  and 
ammQuia. 

2nd.  Basic  acetate  of  lead  when  added  to  saccharine  urine 
causes  the  precipitation  of  some  sugar.  The  urates  and  ])hos- 
phates  in  the  nriiio  ransc  this  precipitation  of  su^ar,  and  not  tlie 
chloride  of  sodium  ;  for  when  a  solution  of  sugar  in  water  is 
mixed  with  chloride  of  sodium,  basic  acetate  of  lead  causes  no 
precipitation  of  the  stigar.  But  when  urate  or  phosphate  of 
soda  also  is  present,  then  some  sugar  is  precipitated. 

Srd.  When  neutral  acetate  of  lead  is  added  to  solutions  of 
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8ugar  containing  chloride  of  sodium^  phoaphate^  and  urate  of  Boday 
no  precipitate  of  sugar  occurs. 

On  the  action  qf  Chkrmt, 

Into  a  Mdntum  of  ragar  in  water  oontainhig  6  grains  of  sngar 
to  20  C.C.  of  wateri  ddorine  gas  free  from  hjdiocUorio  acid 
was  passed  £>r  lialf  an  hour.  It  was  left  for  twenty-fonr  honzsy 
and  then  hardly  any  differenoe  of  sotation  was  observed. 

Into  a  solution  of  the  same  strength^  chlorine  was  passed  for 
an  hour  and 'a  half^  and  it  then  was  Idft  isx  twenty-four  hours; 
the  loss  was  less  than  a  grain  of  sugar. 

825  c.  c.  of  urine  were  mixed  with  3  g^rains  of  sugar  and 
to  20  c.  c.  The  concentrated  fliud  was  heated  for  twenty 
minutes  with  chlorine.  It  had  then  a  yellowish  urine  colour, 
which  conld  nut  be  removed  by  further  exposure  to  chlorine, 
and  tlie  subsequent  use  of  animal  charcoal  did  not  give  a  solution 
which  could  be  examined  by  the  saccharimeter. 

Pettenkofer^B  Test, 

The  fluid  in  which  sugar  is  snqftected  is  deodorised  as  far  as 
possibly  and  then  mixed  with  a  few  drops  of  a  concentrated 
solution  <^  i^ychocholic  add  in  soda  or  chdalic  add.  Three  or 
four  drops  of  concentrated  sulphuric  add  are  then  added,  and  the 
whole  gently  heated  without  bdling.  If  sugar  is  present,  a  purple 
colour  is  seen  at  the  edge  of  the  watch  glass :  this  is  more  evident 
on  a  white  ground. 

A  standard  solution  of  grape-sugar  wa^j  made,  1  c.  c.  containing 
0*005  sugar,  and  0  drops  of  the  solution  =  1  milligramme,  and  was 
mixed  with  cholic  acid  and  concentrated  sulphuric  acid :  intense 
purple  blue  immediately  formed. 

One  drop  of  this  solution  =  0*0002  of  sugar,  mixed  with  cholic 
and  sulpliuric  acid  gave,  after  a  few  minutes^  a  slight  purple  red 
and  ultimately  a  tinge  of  blue. 

5  drops  of  diabetic  urine  containing  7  grs,  of  snpar  to  the  ounce 
of  urine  were  mixed  with  cholic  acid,  and  a  strong  sulphuric  acid. 
After  a  few  minutesj  a  slight  purple  red  appeared  which  ultimatdy 
became  bluish. 

One  drop  of  this  diabetic  urine  without  decoloration  gave  a 
purple  red.  Cholalic  add  was  found  to  have  the  same  reaction  as 
dioUc  add* 
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Trommer' 8  Test. 

Among  the  different  ways  of  employing  this  test,  that  recom- 
mended by  L eh  m ann  was  fouDd  to  be  best.  By  it,  -^^  per  cent,  (or 
0*24  gr.  to  1  oz.)  of  sugar  added  to  the  urine  was  easily  detected 
hy  depoait  of  soboodde  of  copper. 

2  or  3  c.  0.  of  urine  are  mixed  with  a  few  drops  of  potassa  and 
filtered,  and  then  an  equal  quantity  of  strong  potaasa  is  added,  with 
about  3  drops  of  a  solution  of.  sulphate  of  copper ;  the  whole  is 
well  shaken,  and  the  (dear  liquid  poured  off  horn  the  hydratcd 
oxide  of  copper  which  haa  not  dissohred.  If  the  bhie  solution,  when 
heated  (long  boiling  is  quite  unneoesaary)  hecomea  colourleaa 
without  depositing  auhoxide  of  copper,  then  two  dropa  more  of  the 
aulphate  of  copper  ahonld  be  added,  and  the  experiment  repeated. 
A  separation  of  auhoxide  is  ofteaoL  thus  ohtained,  prorided  the 
boiling  haa  not  been  continued  so  long  at  the  first  heating  aa  to 
decompose  the  sugar. 

Pure  grape-sugar  in  water  givea  the  welloknown  red  auhoxide. 
In  urine,  the  suboxide  is  bright  yellow  or  dirty  yellow.  When 
0*01  gramme  of  grape-sugar  dissolved  in  water  was  precipitated  by 
acetate  of  lead  and  ammonia,  and  the  precipitate  treated  with  a 
little  oxalic  acid  solution,  the  sugar  solution  gave  a  dirty 
yellowish  reduction  with  standard  copper-solution. 

A  solution  of  ^ape-sugar  was  mixed  in  different  proportions 
with  a  solution  of  chloride  of  ammonium.  The  separation 
of  the  suboxide  of  copper  was  stopped,  when  the  solution 
containiut!;  ,', ,  of  a  pn*ain  of  sugar  also  contained  1  grain  of 
chloride  of  ammoniuiu.  In  some  exjioriments,  the  suboxide  of 
copper  was  deposited  whilst  ammonia  in  (piantity  was  being;  g^iven  off. 

The  same  series  of  experiments  were  made  with  urea  and  grape- 
sugar  :  the  urea  hindered  the  separation  of  the  suboxide,  when 
a  solution  containing  ^^Vo  ^  grain  of  sugar  contained  also 
1  grain  of  urea. 

Brucke*9  Proeenet* 
Professor  Brficke  has  published  two  prooesaes  for  detecting 
amall  quantitiea  of  sugar  in  urine. 
In  the  first  or  alcohol  prooesa^  he  advisea  that  the  urine  should 

be  mixed  with  four  times  its  bulk  of  absolute  alcohol..  An  alcoholic 
solution  of  potassa  is  then  to  be  added,  and  the  fluid  is  left  for 
twelve  horns  to  deposit  potassa-sugar.  The  alcohol  is  then  to  be 
poured  oft,  and  the  deposited  matter  dissolved  in  water  and  tested 
by  reduction  and  other  tests. 


Digitized  by  Coogle 


BENCB  JOISES  ON  8U0AB  IM  TH£  UJUNE. 


33 


Aooarding  to  the  ezperimentB  describedm  the  early  part  of 
paper^  when  amall  quantities  of  sugar  exist  in  solution^  an  alcohol  of 
80  per  cent,  will  only  give  from  one-third  to  a  scarcely  perceptible 
quantity  of  the  sugar  which  existed  in  a  solution.  If  a  very  small 
quantity  of  sugar  was  present,  this  percentage  of  alcohol  would 
therefore  &il  to  detect  it.  With  absolnte  aloohd  hy  this  process, 
the  whole  of  the  sugar  is  precipitated,  but  if  the  percentage  of 
alcohol  falls  below  80,  little  or  no  sugar  will  be  obtained.  An 
alcohol  of  90  per  cent,  gives  only  half  the  sugar  that  is  present ; 
and  hence  thi^  method  of  Profesjjor  Briiekc  is  very  imperfect  and 
very  costly ;  even  with  methylated  spirit. 

In  his  second  j)r()cess,  he  recomnirnds  that  the  urine  should  be 
precipitated  with  neutral  acetate  of  lead  and  then  with  basic  acetate 
S)(  lead,  and  after  filtering  off  the  precipitate,  ammonia  should  be 
added;  in  this  last  precipitate  the  chief  part  of  the  sugar 
present  will  be  found.  Wliat  is  the  amount  of  sugar  which,  when 
added  to  the  urine,  can  be  detected  by  this  process? 

145  c.  c.  of  fresh  moiniui;  urine  were  treated  with  acetate  of  lead, 
basic  acetate  of  lead,  and  then .  ammonia,  5  c.  c.  of  a  standard 
solution  of  sugar  containing  0*025  gramme  =  of  a  grain  nearly 
of  sugar,  was  added  before  predpitation.  The  solution  was  almost 
free  from  colouring  matter  after  precipitation  by  basic  acetate  of 
lead  and  quite  free  when  precipitated  by  ammonia. 

On  adding  20  drops  of  a  standard  solution  of  copper  to  the 
potass  solution  of  the  subacetate  of  lead,  no  red  suboxide  of  copper 
foatmed,  but  a  dirty  suboxide  of  copper  fell.  The  solution  of  the 
ammonia  precipitate  in  oxalic  add  gave  only  a  trace  of  red  .oxide, 
but  plenty  of  dirty  coloured  suboxide.  In  the  cold  after  24  hoars 
the  same  reduction  occurred. 

200  c.  c.  of  fresh  morning  urine  were  treated  as  in  the  last  experi- 
ment, but  only  0*012  gramme  s  i-  of  a  grain  of  sugar  was  added. 
The  oxalic  add  solution  of  the  ammonia  precipitate  gave  with  10 
drops  of  copper  solution  a  slight  reduction,  a  dirty  yellowish  pre* 
dpitate  was  obtained  on  boiling.  The  potash  solution  of  the  sub* 
acetate  of  lead  precipitate  destroyed  the  blue  colour  of  the  sulphate 
of  copper  solution  but  gave  no  precipitate. 

200  c.  c.  of  fresh  mid-day  urine  were  Ireutcd  as  before,  0  05 
gramme  =  -j-  of  a  grain  of  sugar  was  added.  The  three  precipitates 
were  examined  as  well  as  the  solution  filtered  from  the  ammonia 
precipitate. 

1.  The  acetate  of  lead  precipitate  gave  no  reduction. 
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2.  The  basic  acetate  of  lead  precipitate  was  dissolved  in  potassa 
and  gave  no  reduction;  the  blue  colour  of  tho  copper  solution 
disappeared  however. 

3.  Tlic  precipitate  with  ammonia  was  treated  with  solution  of 
oxalic  acid,  and  on  the  addition  of  t  c.  c  of  standard-copper  solu- 
tion a  good  reduction  was  obtained  of  a  yellowish  colour. 

4.  The  clear  liquid  from  the  ammonia  precipitate  gave  no  reac- 
tion of  sugar. 

200  c.  c.  of  frcsli  urine  were  treated  as  before;  only  Ol  gramme 
=  I  of  grain  of  sugar  was  added.  The  oxalic  acid  solution  con- 
tained as  usual  the  whole  of  the  sugar.  2  c.  c.  of  oopper  solution 
gave  a  dirty  yellowish  precipitate. 

When  the  same  quantify  of  grape-sugar  was  added  to  distilled 
water  and  treated  in  the  same  way,  the  oxalic-iU:id  solution  tested 
by  the  standard  copper  aolntioiL  gave  the  same  dirty-yellow  pre- 
cipitate. 

To  700  c.  c.  of  urine  a  known  quantity  of  solution  of  grnpc-snp:ar 
giving  12>°  of  rotation  of  the  saocharimeter  was  added.  The 
urine  was  treated  as  before.  The  ammania  precipitate  decompoaed 
by  oxalic  acid,  contained  sufficient  ragpr  when  diluted  to  the 
*  known  quantity  to  fpve  a  rotation  of  8**.  Instead  of  decom- 
posing the  ammonia  precipitate  by  oxalic  add,  sulphuretted 
hydrogen  was  used,  and  if  requisite  this  was  twice  repeated;  the 
filtrate  is  then  almost  coloiirless,  even  when  5000  c*  c  cf  urine  have 
been  used  for  an  experiment. 

To  1800  c.  c.  of  urine  a  known  quantity  of  a  solution  of  grape 
sugar  was  added^  gi^ng  18^  of  rotation.  In  the  ammoniaoal 
precipitete  enough  sugar  was  found  to  give  between  7^  and  8**  of 
rotation. 

To  1187  ce.  of  urine  a  known  quantity  of  sugar  solution  was 
added,  giving  1 1°  to  12®  of  rotation  in  the  amraoniacal  precipitate ; 
enough  sugar  was  found  to  give,  with  the  same  (juaiitity  ol  water, 
8°  to  9°  of  rotation.  This  experiment  when  repeated  gave  in 
the  amnioniacal  precipitate  8^  of  rotation. 

Hence  by  Briickc's  lead  process,  when  ^,  .'j,  |,  |  of  a  grain  of 
grape-sugar  ai'e  added  to  about  200  c.  c.  of  urine,  decided  evidence 
of  susrar  was  found  in  the  ammonia  precipitate.  And  by  the  quan- 
titative experiments  it  appears  that  about  two-thirds  of  all  the 
su^ar  added  can  be  recovered  by  this  process. 

The  results  of  these  experiments  on  the  detection  of  sugar  when 
added  to  the  urine  may  be  thus  summed  up : 
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1.  Leh  ma  nil's  process  for  detecting  sugar  in  the  urine  cannot 
be  employed  when  small  quantities  of  sugar  aro  ])rosent  in  large 
quantities  of  urine  j  by  evaporatioa  and  decoloration^  ail  tlie  sugar 
is  lost. 

2,  The  process  of  fermentation  is  stopped  by  the  residue  of  the 
urine,  by  much  urea  and  by  oxalate  of  urea  still  more  decidedly. 
Half  a  gr^n  of  sugar  in  water  can  be  detected  by  the  alcohol 
produced,  and  may  be  deterauned  approzimatively  by  the  carbonic 
acid  given  off ;  but  in  concentrated  uiine  maoh  larger  quantities 
vill  be  entirely  overlooked. 

8.  In  decolorising  the  urine  for  use  in  the  saocharimeter,  sugar  is 
always  lost ;  animal  charcoal  retains  sugar  in  proportion  to  the 
amount  of  charcoal  used.  When  the  urine  is  decolorised  by  basio 
acetate  of  lead  and  ammonia,  two-thirdB  of  the  sugar  may  be  lost 

4.  Pe  ttenkofer*  s  test  for  sugar  is  the  most  delicate  test  known; 
t  of  a  milligramme  in  distilled  water,  can  be  detected  by  it,  and  a 
little  colouring  matter  of  the  urine  does  not  hinder  the  reaction. 
If  much  colouring  matter  is  present,  it  must  be  removed. 

5.  Trommer's  test  is  capable  of  discovering  P®'  cen^*  of  sugar 
in  the  urine,  but  yhen  very  small  quantities  of  sugar  aire  in  solution 
with  hydrochlorate  of  ammonia  or  urea,  the  reduction  of  the  oxide 
of  cupper  is  not  perceived ;  of  a  grain  of  sugar  with  1  grain 
of  hydroehlorate  of  ammonia,  in  water,  gives  no  reduction ;  and 
Y(r6  &     ^  grain  of  sugar  with  1  grain  of  urea  stopped  reduction. 

6.  Briicke's  processes. 

In  the  alcohol  process  if  80  per  cent,  alcohol  is  used,  only  {  or 
less  of  the  sugar  is  obtained;  and  even  by  90  per  cent,  alcohol 
one  half  is  lost.  The  necessity  for  so  much  absolute  alcohol  as 
will  give  with  the  urine  a  mixture  of  90  per  cent.,  makes  the 
process  nearly  useless. 

By  Briicke's  lead  process,  the  best  results  have  been  obtained ; 
f  of  a  grain  of  sugar  in  200  c.  e.  of  m  ine  could  be  detected,  and  f 
of  all  the  sugar  added  was  recovered.  Moreover,  when  sulphuretted 
hydrogen  is  used  to  decompose  the  ammonia  precipitate,  the  sugar 
is  obtained  in  a  state  fit  for  fermentation,  and  free  from  colour,  so 
that  the  saccharimeter  can  be  employed. 

Fast  2.^0»  the  detection  of  sugar  natufoUy  preeent  in  heeUky 

vsrine. 

The  presence  or  absence  of  sugar  in  healthy  urine  Is  not  only 
of  great  interest  in  relation  to  the  true  comprehension  of  the 
nature  of  diabetes,  but  it  is  also  of  importance  in  respect  to 
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our  knowledge  of  the  ehemical  changes  which  occur  in  the  body 
in  health. 

If  sugar  exists  in  the  urine  in  healthy  as  Briicke  maintains^  then 
diabetes  most  be  considered  as  an  exaggeration  of  a  healthy  state, 
and  not  as  a  diatinot  and  peculiar  condition  of  the  system ;  and  it 
will  be  necessary  to  admit,  that  in  health  and  in  diabetes,  the 
aame  chemical  changes  take  place  in  the  system,  but  that  the 
greater  amonnt  of  change  in  the  one  case  constitutes  health,  and 
the  lesser  amount  in  the  other  case  is  called  diabetes. 

Professor  Briicke  deserves  all  credit  for  the  accuracy  of  his 
observationi»  and  for  the  clearness  of  his  statements;  and  though 
I  imled  hy  the  alcohol  process  to  satisfy  myadf  of  the  tnith  of  the 
results  which  he  obtained  by  that  method,  yet,  by  his  lead  process, 
I  have  fully  oQUTinced  myself,  after  a  lengthened  investigation, 
which  only  the  peneveranoe  of  Dr.  Ulricb  could  haye  carried  out, 
that  there  is  sugar  in  healthy  urine ;  and  that,  in  addition  to  the 
proo&  of  its  presence  mantioned  by  Profeaaor  Briicke^  it  may  be 
detected  and  meaaured  by  the  aaccharimeter;  and  that  by  fer- 
mentation,  alcoliol  hi  recogniaaUe  quantity  may  be  obtained. 

On  the  detection  oj  sugar  in  fu^ulthy  urine,  by  Briicke'' 8  alcohol 

process, 

140  c.  c.  and  200  c.  o.  of  fresh  urine  were  mixed  with  four  times 
their  bulk  of  alcohol  sp.  gr.  808  (or  95  per  cent.),  a  solution  of 
potassa  ill  the  same  strength  of  alcoliol  was  added,  and  the  fluid 
was  left  for  twelve  hours  to  allow  the  potass-sugar  to  deposit 
itself.  The  liquid  was  tlicu  poured  off;  the  deposited  matter  was 
dissolved  in  water,  and  tested  by  Trommer's  test,  Bottgcr's 
test^  and  a  solution  of  potassa  alone.  No  conclusiTe  result  was 
obtained. 

Three  other  experiments  were  then  made  with  1,000  c.  e.  of 
urine  and  alcohol  of  the  same  strength.  The  copper  test  gave  a 
decided  reduction;  the  potassa  alone  hardly  deepened  in  colour. 
The  bismuth  test  was  not  conclusive ;  on  testing  the  deposit  from 
the  alcohol  for  uric  acid,  it  was  found  to  be  present  in  considerable 
quantity.  In  the  Medieo-Chirurgical  Transactions  vol.  S^,  p.  215 
(1848),  I  have  shown  that  uric  add  reduces  the  oxide  of  copper  in 
Trommer'a  test.  Hence  the  reduction  obtained  in  iheae  three 
experiments  was  no  proof  of  sugar  being  preaent,  and  I  determined 
to  try  whether,  by  using  large  quantities  of  urine,  sufficient  augar 
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oonld  be  precipitated  to  admit  of  the  determinatioii  of  its  presence 
and  amoimt  by  tbe  saocbarimeter. 

SflOO  c.  c.  urine  (aboat  5  pmts)  wete  added  to  12«200  c.  c  of 
alcobol  (above  21  pints).  This  quantity  was  divided  into  three 
portums ;  potaasa  disaobed  in  alcohol  was  added  to  each  portion 
before  it  was  set  aside  to  deposit  the  sugar-potassa.  The  precipi- 
tate was  dissolved  in  water,  neutralised  with  oxalic  acid,  filtered 
throu^li  animal  charcoal,  and  concentrated  on  a  watcr-hath  to 
about  one  ounce  (30  c.  c).  The  clear  fluid  was  cxuiuiucd  by  the 
sacchari meter,  but  no  trace  of  rotation  could  be  observed. 

In  another  experiment,  1,000  c.  c.  of  fresh  urine  were  mixed  m  ith 
4,000  c.  c.  of  alcohol,  and  treated  in  the  same  way;  but  uo  trace  of 
rotation  was  observed. 

Another  scries  of  three  portions  of  1,000  c.c.  of  urine  each,  was 
mixed  with  12,000  c.c.  of  alcoliol,  sp.  j;r.  808.  The  smallest 
quantity  of  water  was  used  for  dissolving  tlic  potassa  sugar ;  a  very 
small  quaTitity  of  animal  charcoal  was  used  for  decolorising  the 
solution,  which  was  examined  by  tbe  saccharimeter;  but  no  rotation 
could  be  seen. 

Failing  thus  to  detect  sugar  by  the  saceharimeterj  I  need 
Pettenkoffer's  test  on  frrsli  portions  of  urine. 

dOO  0.  C.  were  mixed  witli  alcohol  and  treated  with  potassa.  A 
Tery  small  qnruility  of  cholalic  and  of  cholic  acids  was  dissolved  in 
concentrated  sulphuric  acid,  and  some  of  the  fluid  thought  to 
contain  sugar  was  added,  but  no  purple  tint  in  either  case  was 
produced.  The  teat  failed  to  find  sugar,  though  the  same  solntiona 
detected  2  milligrammea  of  sugar  (*08  of  a  grain)  dissolTcd  in  10 
drope  of  water,  and  one  drop  of  diabetic  urine,  containing  *05 
grain  of  sugar,  gave  a  fine  purple  colour.  As  it  was  possible  that 
by  using  a  larger  quantity  of  urine,  some  trace  of  sugar  might  be 
*  found,  3,000  c  c.  of  urine  were  precipitated  by  alcohol.  The 
deposit  waa  dissolved  in  a  very  small  quantity  of  water  and 
decolorised  by  animal  charcoal,  but  no  decided  evidence  of  sugar 
waa  obtained. 

At  the  time  when  these  experiments  were  made  with  the 
alcohol  process,  I  did  not  know  how  little  sugar  was  precipitated 
by  potassa  from  80  per  cent,  aicohol.  As  this  process  failed,  the 
lead  process  was  tried. 

On  the  detection  of  sugar  in  healthy  wrine  ly  BrUeke'e  had 

jrrocess. 

200  c.  c.  of  healthy  morniug  uriiAC,  passed  by  A,  were  treated 
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with  lead  and  ammonia ;  the  basic  acetate  of  lead  precipitate  was 
dissolved  in  a  small  qnantity  of  potassa,  and  the  solution  was  tetted 
with  Fehling^B  standard-copper  solution;  no  reduction  was 
obtained^  but  the  blue  colour  of  the  copper  solution  disappearedi 
and  the  liquid  became  of  a  light  amber  colour,  bat  not  a  trace  of 
suboxide  of  copper  was  seen.  The  ammonia  precipitate  was 
treated  in  the  cold  with  oxalic  acid,  and  the  filtrate  was 
examined  for  sugar  hy  the  copper  solution,  but  no  redaction 
occurred. 

200  c.  c.  of  mid-day  nrine  (A)  were  treated  exactly  in  the  same 
way,  and  with  exactly  the  same  results. 

500  of  healthy  nrine  (A)  treated  in  tfce  same  \\ay  with 
oxalic  acid  gave  no  decided  evidence  of  sugar  by  reducHon,  ur  hy 
Fettenk offer's  test.  This  experiment  repeated  with  another 
quantity  of  nrine  gave  the  same  result.  When  in  another  experi- 
ment, the  ammoniacal  precipitate  was  decomposed  by  sulphu- 
retted liydrogcn,  decided  evidence  of  reduction  was  ol)taincd. 

1,000  c.  c.  of  sa:nc  urine  (A)  treated  with  oxalic  acid  instead  of 
siilpluirctted  hydroj^cn,  gave  a  reduction  which  was  not  ftufTiciently 
distinct.  When  this  experiment  was  repeated  and  sulphuretted 
hydrogen  employed,  a  distinct  reduction  of  the  oxide  of  copper 
took  place,  and  Pett  enkofer's  test  also  sliovved  that  sugar  was 
there.  This  last  experiment  was  tiiree  tiuics  repeated,  and  reduc- 
tion always  occurred. 

1,000  c.  c.  of  the  urine  of  another  healthy  man,  (B)  m  as  treated 
in  the  same  way  by  lend  and  sulphuretted  liydrogeu  ;  the  clear 
filtrnte  was  evaporated  and  it  reduced  the  eop})cr  solution  readily. 

2,000  e.  c.  of  the  urine  (A)  ijavea  very  plcntilul  reduction.  The 
experiment  was  repeated ;  the  filtrate  from  the  sulphide  of  lead 
was  evaporated  to  dryness,  and  extracted  with  absolute  alcohol; 
potassa-aloohol  was  then  added ;  and  a  deposit  formed  on  standing,  * 
which  gave  a  good  reduction. 

It  was  requisite  to  prove  that  the  reduction  was  caused  by 
sugar.  For  this  purpose^  laiger  quantities  of  nrine  were  treated 
in  the  same  way,  and  the  annnonia  precipitate  was  tested  for  sugar 
by  the  saccharimeter  and  by  fermentation. 

6,000  c.  c.  of  urine  (A)  were  examined ;  the  filtrate  from  thesul* 
pbide  of  lead  was  evaporated  in  vacuo ;  and  the  residue  dissolved  in 
a  little  water  was  decolorised  by  a  little  animal  charcoal;  half  the 
solution  examined  by  the  saccharimeter  gave  4^  of  rotation.  In 
two  other  experiments  with  different  quantitiea  of  the  urine  (A), 
2^  and  3**  degrees  of  rotation  were  observed. 
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6,000  c.  c.  of  mine  (B)  treated  in  the  wme  waj  gave  of 
rotation* 

lylOO  Ci  e.  of  the  urine  of  a  third  penon  (C)  treated  in  the  same 
way,  gave  1^^  of  rotation ;  and  hj  the  lednotion-teBt  sugar  was 
ea^ly  found. 

In  two  eKperiments  with  10,000  c.  c  of  urine  (A)  treated*  with 
oxafic  add,  the  decoloration  could  not  he  made  so  as  to  allow 
of  the  use  of  the  saccharimeter;  hut  the  reduction-test  and 
Pettenkofer's  test  gave  fall  evidence  of  sugar. 

Hence,  in  those  different  healthy  persons,  and  in  six  different 
experiments,  the  rotation  showed  that  sugar  waspresent  in  the  urine. 

•  * 

On  the  amount  pf  rotation  oUerved  m  heaUhy  un$ie. 

Two  more  experiments  were  made  with  the  urine  of  (A)  and  (B), 
to  determine  the  greatest  amount  of  rotation  in  health. 

5,000  c.  c.  of  the  urine  (A)  were  treated  as  before  with  sul- 
phuretted hydrogen.  The  whole  of  the  fluid  was  used  in  the 
saecahrimeter,  and  the  rotation  was  between  7°  and  8**. 

5,000  c.  c.  of  the  urine  (B),  when  ail  the  fluid  was  used,  gaye 
tern  10**  to  ir  of  rotation.  . 


On  the  jproqf  qf  the  presence  of  sugar  in  heaUhy  urine  by 

fermentation, 

10,000c  e.  (10  litres)  of  the  urine  (A)  were  treated  with  sulphu- 
retted hydrogen.  The  filtrate  was  evaporated,  and  half  was 
fermented  in  two  portions. 

1st  Portion.  2nd  PorUon. 

Yeast  employed       .       .    3122  grs.         29*30  grs. 
Total  carbonic  add  gi?en  off  0*80  gr.  0*86  gr. 

Carbonic  acid  from  yeast  .     0*43  gr.  0*41  gr. 


Carbonic  acid  from  sugar  .     0*87  gr.  0*46  gr. 

Hence  total  carbonic  acid  from  sugar  s  0*82  gr.  s  1-68  gr. 
sugar;  so  that  the  total  quantity  thus  obtained  from  10  litres  was 
8*86  gis.  sugar. 

14,000  c.c.  of  urine  (A),  after  the  filtrate  from  the  sulphide  of 
lead  was  evaporated  to  dryness,  had  the  sugar  predfiitated  firom 
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absolute  alcohol  by  potassa.  The  precipitate  was  dissolved  in 
water,  neutralised  by  hydrochloric  acid  and  evaporated ;  the 
residue  extracted  by  strong  alcohol ;  the  alcoholic  solution  again 
evaporated  to  dryness ;  and  the  residue  again  dissolved  in  water, 
mixed  with  yeast  which  had  been  well  washed,  and  kept  at  a 
tompcratiire  between  25"  and  30°  C. :  (77°  and  86°)  F.  in  half  an 
liour  it  began  to  ferment. 

Yeast  employed  in  sugar-solution  .  .    31*2  grs. 

Carbonic  acid  given  off  .       .  .  .      18  gr. 

Y'east  without  sugar-solution  .  .  109  6  grs. 

Carbonic  acid  given  off  .       .  .  .     0'3  gr. 

Therefore  carbonic  acid  in  34*2  grs.  of  yeast  may  be  neglected. 

The  yeast  alone  mixed  with  water  and  distilled,  gave  a  scarcely 
perceptible  trace  of  reduction  when  the  distillate  was  added  to 
a  solution  of  chromic  acid,  whereas  the  other  yeast-mixture  dis- 
tilled gave  a  fluid  which  showed  plentiful  i-eduction,  proving  that 
alcohol  was  present  after  fermentation. 

The  total  carbonic  acid  given  ofi"  =1-8  gr.;  this  corresponds 
to  3*7  grs.  sugar  obtained  from  14  litres  of  healthy  urine. 

An  muleterraincd  quantity  of  the  dilTcront  fluids  which  had 
been  used  in  the  experiments  with  the  sacclmrinieter  was  evapo- 
rated ;  the  residue  extracted  with  strong  alcohol ;  the  alcoholic 
solution  evaporated ;  the  residue  again  redissolvcd  in  strong 
alcohol ;  and  the  solution  was  evaporated  to  dryness,  dissolved  in 
water,  and  mixed  with  slightly  washed  yeast. 

Yeast  used  ....  4 16  grs. 
Carbonic  acid      .       .       .         2-1  grs. 

Yeast  without  sugar-solution  100-3  grs. ;  carbonic  acid  0  7  gr. 
Hence  44  6  yeast  give  0-3  gr.  carbonic  acid. 

Hence  carbonic  acid  from  sugar  =  2  4  grs.  —  0  3  =  2*1  grs. 
=  4-3  grs.  sugar. 

The  fluid  distilled  from  yeast  alone  reduced  chromic  acid  •  the 
fluid  which  was  distilled  from  the  other  apparatus  reduced  the 
chromic  acid  much  more  decidedly. 

On  the  determination  of  the  amount  of  mgar  present  in 

healthy  urine. 

Although  the  saceharimeter  and  fermentation  aflbrd  the  most 
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mtitfiictory  proof  of  the  presence  of  sugar,  yet  the  qnantitalm 
determinatioii  by  either  of  these  methods  is  not  so  accurate  or  so 
usefbl  as  by  means  of  Fehling's  standard-copper  solutioni  becanse 
the  processes  for  deoolorismg  and  for  separating  the  sugar  from  the 
nrine  canse  a  great  loss,  which  does  not  occur  when  the  amount 
of  sugar  is  determined  by  a  standard  solution,  because -then  a 
smaller  quantity  of  urine  will  give  condnsiTe  results. 

1,000 0.  c.  (1  litre)  of  urine  (k)  was  treated  as  before;  the  filtrate 
from  the  sulphide  of  lead  was  evaporated  on  a  water -bath, 
decolorised  with  a  little  animal  charcoal,  and  then  tested  by 
Kehliug's  solution. 

The  Yolume  of  fluid  was  29  c.  e.;  of  this  15  e.  c.  were  required  to 
reduce  10  c.  c.  of  Fehling's  solution.  Hence  the  29  c.  c.  contained 
0  09  gramme  sugar  =1*4  grain,  as  by  the  process  one- third  of  the 
sugar  present  is  lost.    The  litre  contained  about  2  2  grs.  of  sugar. 

In  another  litre  (A)  the  vohimc  of  Huid  was  18  c.  c. ;  of  this 

12  c.  c.  reduced  10  c.  c.  of  Fehling's  solution.  Hence  18  c.  c. 
contained  0  07  gramme  sugar  =  108  gr.  Adding  one-third  to 
this,  we  find  that  the  litre  contained  about  1-5  grains. 

In  another  litre  (A)  the  volume  of  fluid  was  18  c.  c;  of  this 

13  c.  c.  reduced  10  c.  c.  of  Fehling's  solution.  Hence  the  18 
c.  c.  contain  0  06  gramme  sugar  c=  "924  gr.  One-third  added 
=  V38  gr.  to  litre  urine. 

In  another  litre  (A),  the  volume  of  fluid  was  18  c.  c. ;  of  this 
II  c.  0.  reduced  10  c.  c.  of  Fehling's  solution.  Hence  the  18  c.  c. 
contain  0  08  gramme  sugar  =  1*23  gr.  One-third  added  =  1*8  gr. 
sugar  to  litre  urine. 

A  litre  of  urine  (B)  was  treated  in  the  same  way.  The  volume 
of  fluid  was  18  c.  c. ;  of  this  7  c.  c.  reduced  10  c.  c.  of  Fehling's 
solution.  Hence  the  18  c.  c.  oontaia  0*13  gramme  sugar  =  2*0  grs. 
One  third  added  s=  3-3  grs.  sngar  to  litre  urine. 

In  another  litre  (B)^  the  volume  of  fluid  was  26*6  c,  c.;  i^thls 
12*6  c.  c  reduced  10  c  c  of  standard  sohition.  Hence  the  26-6 
contain  0*1  gramme  sugar  s  1*5  gr.  One-third  added  »  2*3  grs. 
sugar  to  litre  urine.  By  the  saceharuneter  also  evidence  of 
rotation  was  obtained. 

Henco,  Ist  Exp.  2nd  Exp.  3rd  Exp.      4th  Exp. 

1  litre  (A)  uriue  contained  2*2  grs.  1-54  138  *  1*8  gr.  sugar, 
1  litre  (B)  urine  contained  3  0  grs.    .  2*3  grs.  sugar. 

From  these  experiments  on  healthy  nrine  it  follows : — 
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1.  That  by  the  alcoholic  process,  when  140  c.  c.  to  3,000  c.  c.  of 
urine  were  employed,  no  result  was  obtained  by  tlie  reduction  test, 
by  Pettenkofer's  test,  or  by  the  saccharimeter,  chiefly  because 
the  percenta«i:e  of  alcohol  wus  not  great  enoujrh. 

2.  That  by  the  lead  process,  most  conclusive  results  were 
obtained,  qualitatively  and  quautitatively,  by  the  reduction  teaty 
by  fermentation,  and  by  the  sacchirimeter. 

By  the  reduction  test,  qualitatively,  200  cc.  of  urine  gave  no 
evidence  I  500  cc.  iiuled,  and  500  etc.  gave  proof  of  sugar; 
1,000  e.  c.  gave  yery  evident  sugar;  8,000  cc.  ga?e  mnoh  more 
proof.  By  this  test,  quantitatiTely  1,000  cc.  of  one  man  gave 
2%  1*5^  1*4,  and  1*8  grs.  of  sugar.  The  aame  quantity  of  urine  in 
another  man  gave  8*0  and  2*8  grs.  of  sugar  m  one  litre. 

By  the  sacchartmeter,  quantitatively,  5,000  c.  e.  of  urine,  partly 
used,  gave  2%  dP,  and  4**  of  rotation.  In  another  man,  5^  were 
observed.  In  a  third  man,  a  smaller  quantity  of  urine  gave 
r  to  2"  of  rotation. 

By  this  test  quantitatirely,  5,000  c  c  of  one  man,  all  used,  gave 
7^  to  8**  of  rotation.  The  same  quantity  from  another  man,  gave 
10'  to  11". 

By  fermentation,  qualitatively^  an  unknown  quantity  fermented, 
gave  distinct  evidence  of  alcohol  and  2*1  grs.  of  carhooio  add. 

Quantitatively,  10^000  c.  e.  of  urine  were  used,  and  ultimately,  ^ 

1*64  gr.  of  carbonic  acid  was  obtained. 

1 4,0(X)  c.  c.  of  the  same  urine  gave  most  positive  proof  of  alcohol 

and  I'H  gr.  of  carbonic  acid. 

These  experiments,  therefore,  fully  confirm  Professor  Briicke's 
statement,  that  sugar  exists  in  hcaltliy  urine.  By  obtaining 
alcohol  from  the  fermented  fluid,  and  by  never  failing  to  find 
rotation  when  the  saccharimeter  was  used,  provided  suflieient 
urine  had  been  taken  for  the  experiments,  I  have  added  to  the 
evidence  given  in  his  original  paper. 
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III. — Analytit  qf  the  SaHne  Water  qf  PmioHf  near  Sialndon, 

North  mUe. 
Bt  Henkt  M.  No  ad,  Fh.B.,  F.R.S.,  and  C.S. 

Tin:  water  rises  in  a  field  on  the  Oxford  Clav,  which  reaches  froEQ 
the  bottom  of  the  hill  on  which  the  village  of  Purton  is  built,  to 
tlie  river  Thames  at  Crickladc,  a  distance  of  about  three  miles,  the 
spring  beinf^  about  midway  between  both.  The  soil  of  Purton 
rests  on  the  limestone,  JThe  field  in  which  the  spring  rises  has 
long  been  known  in  the  neighbourhood  as  Salt's  Hole.'*  The 
medicinal  properties  of  the  water  are  held  in  high  esteem  by  the 
inhabitants  of  Purton,  and  the  proprietor  has  recently  erected  a 
pump-room  round  the  well,  from  which  about  120  gallons  of  the 
water  can  be  pumped  up  daily. 

The  water,  which  was  analysed  at  the  request  of  Dr.  Kinncir,  at 
PurtoUj  was  collected  by  myself  in  the  month  of  January  in  the 
present  year.  As  pnmped  up  firom  the  well,  it  was  quite  dear,  and 
remained  so  after  long  standing.  While  the  pump  was  in  action,  a 
faint  hut  decided  smell  of  sulphuretted  hydrogen  was  perceptible, 
but  the  water  itself,  while  still,  had  no  such  odour. 

The  temperature  of  the  water  was  neariy  the  same  as  that  of  the 
air.  Specific  graiity,  at  60^F.,  ss  1*0056.  Free  carbonic  acid,  50 
cubic  inches  per  imperial  gallon,  the  water  being  slowly  pumped 
up  from  the  weU. 

The  analysis  was  performed  in  the  usual  manner,  the  iodine, 
which  could  be  distinctly  recognised  in  one  pint  of  the  water, 
being  estimated  as  proHodtde  of  palladium. 

In  the  arrangement  of  the  results  of  analysis,  the  strongest  acid  is 
assumed  to  be  combined  with  the  strongest  base ;  and  the  lime  and 
magnesia  thrown  down  as  carbonates  by  boiling,  are  considered  as 
existing  in  the  water  as  carbonates  held  in  solution  by  carbonic  acid. 


Direct  results  of  analysis  calculated  to  1  imperial  pint. 

Basks. 


Magnesia. 

Alkaline 

ChloridB 

CUoridt 
SodSuL 

4-748 

18*90 

I'm 

ma 

6-257 

4-788 

19-89 

1-020 

18-310 

M.L'.'m  .... 

6-340 

4-765 

1910 

1-099 

18-016 
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AciDe 

(or  ekmenU  reptaang  tkem). 


Expch- 

Siilphiirie 

Iodine 
with 
tmcrs  of 
Bromine. 

Silicn. 

Carlmnic 
Arid 

fret'  iiuil 
combuit'd. 

Carbonic 
Acid  It! 

Carbonate 
of  Limo 
:tiu] 

Cnrbunutc 
of  MHg- 

neaia. 

Car. 

bnnie 
Acid, 
free. 

I'hos- 
phonc 
Acid. 

Apo- 

oicuic 

AcUL 

I*  •  •  > 

Ui>0 

8-88 

n 

0-87 

M 

2-88 

»» 

»> 

f» 

11.... 

118*80 

2-80 

tt 

0-29 

»> 

2-36 

»» 

i> 

>» 

Vmb 

2890 

2-81 

0-0084 

0*28 

6-403 

2-37 

3133 

0031 

0112 

Vkrification  fOR  Limb. 


line  precipitated 
boilug. 

UaMkftliitulutiou 
after 
boiling. 

Totd 
by 

CdcBlation. 

Votal 

^7 

ExperiDOil. 

I.  

8*888 
2-887 

8-280 
8-810 

6108 

8-077 

6-422 
6-267 

8-843 

8*296 

8088 

6*840 

YElUnCATION  FOR  MaONBSIA. 

Mairiicsia 

prcr  piiiited  by 

Mapicsia 

liti  111 

Solu'.  liJll. 

Total 
by 

Cnlculution. 

'Jotal 
by 

Experiment. 

i 

oil 

0*18 

4-786 
4*785 

4-846 
4*946 

4-748 
4*788 

0*18 

4-786 

4*890 

4*786 
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Resiiu  k  i  kft  on  Evaporation'. 


Experimeat. 

Mineral  fieaidue. 

Oi:ganic  Kcaiduo. 

Total  Kesidue. 

01-02 

0-114 

01-114 

II   

61-21 

0-UO 

01-220 

61-11 

0112 

01-217 

Solid  Conient*    on  in^^enal]^  oa  determmed  by  mudynt. 


Cavtionateof  lime   50760 

Garbonale  of  magnesia    ....  0*2680 

Lune  (not  ao  carbonate)  ....  8*2200 

Magneeia  (not  aa  carbonate)    .      .      .  4-7580 

Potash   0-6930 

Soda   9-5460 

Chlorine   2*8100 

Sulphuric  acid   23  yOOO 

SiUca   0*2800 

Phoaphoric  acid   0*0810 

Bromine   traces 

Iodine     .......  00094 

Creuic  acid   traces 

Apocreoic  acid   0'1120 


60*6064 

Kesidue  left  on  Evaporation      .      .  51*2170 


Saline  ComiihimU  in  one  Imperiat  GMn. 

Carbonate  of  lime   40-608 

Carbonate  of  magnesia     ....  2-104 

Solphate  of  potash   10*264 

Sulphate  of  soda   174*904 

Sulphate  of  lime   62'560 

Sulphate  of  magnesia       .              ,       .  76  592 

Chloxide  of  magnesium    ....  80-000 
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Iodide  of  oodinm   0-088 

SiUca   2080 

Phosphoric  add   0*248 

Grenicacid     ......  tnoes 

Apocrenic  add        .....  O'SQO 

Bromiiiu  .......  traces 

400344 


XV. — On  the  Composition  qf  JPurton  Saline  Water. 

By  Augustus  Voelckbr,  Ph.D. 
(rsonaaoB  or  eHMMueax  a  zhs  soial  AcuucoxaufiAL  ooiutaa,  nrBiitcmni.) 

Noticing  that  Dr.  No  ad  intends  reading  on  the  17th  December, 
I860,  a  paper  on  the  analysia  of  Purton  saline  water^  I  beg  like- 
wise to  commtinicate  an  analysis  of  that  water,  whidi  1  made 
for  the  proprietor  in  October,  1659. 

The  foikywiug  are  the  direct  results  of  the  analysis.  Animperial 
gaUoD  contains: — 


Organic  matter  and  water  of  combination  (being  loss 

obtained  on  heating  residue,  dried  at  320°F)  • . . 
lime 

Magnesia    , , 

Oxides  of  iron  and  alumina,  with  traces  of  phosporio 
acid        •  • 

Potash 

Soda 

Chloride  of  sodhun 
Sulphuric  acid 
Soluble  silica 
Iodine 
Bromine 
Carhonic  acid 
Sulphuretted  hydrogen 

Specific  gravity  of  water 


Onfau. 

8-750 
34-536 
25-736 

•280 
20-707 
49  006 
34-297 
165074 
1-280 
0056 
•080 
38-090 
traces 

1*0045 
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These  constituents  arranged  into  compounds  give  the  following 


results : — 


• 

umns 
per  imp.  gal. 

Organic  matter  and  water  of  combination  (loss  on 

dryiug  residue  at  320°F) 

8-750 

Sulphate  of  soda 

112-239 

Sulphate  of  magnesia 

77-208 

Bromide  of  magnesium           . . 

•092 

Todide  of  sodium       , ,           • .           . .           .  • . 

•0G6 

Chloride  of  sodium    . . 

34-297 

Sulphate  of  lime      . .       -  . . 

83-873 

Sulphate  of  potash  .. 

•1-916 

Carhonate  of  potash  . .          • .  ' 

28S80 

Oxides  of  iron  and  alumina  with  traces  of  phosphoric 

aoid  •• 

•280 

Silica 

Solid  residue,  dried  at  mPF  per  imperial  gallon  348  881 
Tree  carhonic  add  ..  ..  23*820 

Dr.  Noad  has  communicated  his  results  to  me.  They  differ 
materially  from  mine.  But  the  fact  that  the  water  analysed  by 
Dr.  Noad  contains  a  great  deal  more  solid  matter  than  the  water 
analysed  by  me,  shows  sufficiently  that  we  examined  two  different 
specimens  of  Purton  water.  I  have  determined  at  various  times 
the  amount  of  residue  which  is  left  on  evaporation,  and  find  great 
differences  in  the  total  amount  of  total  saline  matters.  Probably 
the  composition  of  the  .saline  residue  varies  at  different  seasons, 
and  the  water,  like  other  saline  waters  obtained  only  in  limited 
quantities,  is  not  always  of  the  same  composition. 

With  respect  to  the  arrangement  of  the  direct  results  of  the 
anslysis  into  compounds^  I  beg  to  obsenre  that  I  have  purposely 
united  carbonic  acid  with  potash  and  not  with  lime.  In  his 
arrsngement  of  results.  Dr.  Noad  does  not  give  any  alkaline 
carbonates.  The  Purton  water,  which  I  examined,  however,  con- 
tains alkaline  carbonates,  for  it  exhibits  a  strong  alkaline  reaction 
to  litmus  paper,  eyen  before  eraporation. 

It  is  of  course  impossible  to  say  what  proportions  of  the  carbonic 
acid  and  sulphuric  acid  are  united  with  lime  and  the  alkalies,  and 
I  have  deviated  from  the  ordinary  mode  of  uniting  adds  and  bases 
together,  because  the  Purton  water  in  its  natural  condition  really 
coutaius  alkaline  carbuiiutcs. 
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v.— Oto  the  Basic  Carbonates  qf  Capper,  wUh  some  Remarks 
t^pon  the  Carbonates  of  Nickel  and  Cobalt, 

By  Fskdericjil  Field. 

In  a  paper  upon  tfals  subject^  lately  published  in  the  "  Chemical 

News,"  and  in  Abstract  at  pa*^e  70  of  this  volume,  the 
singular  effect  of  a  strong  solution  of  carbouutc  of  soda  upon 
malachite  was  mentioned,  together  with  the  action  of  boiling  water 
upon  the  same  mineral.  In  both  instances  it  speedily  becomes 
black,  being  converted  into  the  black  oxide,  with  brisk  evolution 
of  carbonic  acid.  AVhen  the  blue  carbonate  of  copper  (azurite) 
3CuO.2CO2.HO  is  subjected  to  similar  treatment,  exactly  the  same 
phenomenon  occurs,  the  whole  of  tlie  carbonic  acid  being  expelled, 
the  action  of  pure  waitr  facilitating  the  decomposition  fjir  more 
readily  than  the  solution  of  carbonate  of  soda.  In  a  memoir 
npou  the  carbonates  of  copper.  Rose  ^  Informs  us,  that  the  green 
carbonate  formed  on  adding  a  salt  of  copper  to  carbonate  of  soday 
is  converted  into  the  oxide  by  long  digestion  with  boiling  water, 
but  no  blue  compound  is  obtained.  Artificial  malachite  may, 
however,  be  formed  from  asarite,  by  heating  tlie  latter  for  some 
little  time  in  a  rather  concentrated  solution  of  bicarbonate  of  soda. 
A  bright  blue  liquid  is  produced,  which,  aflter  lengthened  ebulli- 
tion, deposita  a  green  powder,  containing  eau^ctly  the  amount 
of  oxide  of  copper  which  is  found  in  malachite;  it  is  this  pre* 
cipitate,  which  has  a  similar  composition  to  that  which  is  produced 
by  boiling  a  solution  of  malachite  in  carbonate  of  soda,  does  not 
part  with  its  water  under  a  temperature  of  880**  F,  and  is  evidently 
formed  by  the  elimination  of  1  atom  of  'carbonio  acid  from 
%  atoms  oi  azurite,  one  atom  of  water  at  the  same  time  takmg 
the  place  of  the  carbonic  add — 

2  (3CuO.  2CO2.  HO) -CO2+ 110  =  3  (2CuO.  CO.,.  IIO) 
Devillc  t  mentions  that  when  a  salt  of  copper  is  gradually  added 
to  a  strong  solution  of  carbonate  of  soda,  nearly  the  whole  of  the 
alkali  is  precipitated  with  the  copper,  in  brilliant  crystals  of  the 
double  carbonate.  In  all  my  experiments,  warm  solutions  were 
employed,  in  which  case  no  double  compound  was  formed,  but  a 
higldy  basic  carbonate,  and  subsequently  black  oxide^  were  alone 
produced. 

^Fbgg.  AflD.  IscdT,  491 ;  Ann.  Ob.  Ffaann.  Ixor 
t  Ann.  Gh.  Fhjl.  [8],  aozUi,  7( 
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Carbonate  of  Cobalt.    TIic  various  carbonates  of  cobalt  have 
been  intimately  studied  l)y  Hose,*  who  remarks  that  the  com- 
position of  these  com])onnds  depends  very  much  upon  the  con- 
centration of  the  'solutions,  and  upon  tlic  temperature  employed 
during:  the  })recipitation.    When  sulphate  of  cobalt  is  mixed  with 
carbonate  of  soda,  a  precipitate  is  formed  having  the  formula 
2(CoO.  CO2)  +3(CoO.  HO)  +  Aq.,  either  from  concentrated  or  from 
weak  solutions^  and  it  is  only  when  dilate  solutions  are  decomposed 
at  the  boiling  point,   that  a  precipitate   is  obtained  which 
approximates  to  CoO.  CO.,  +  2  (CoO.  HO) ,  Aq.    The  same  chemist 
further  informs  us^  that  when  sulphate  of  cobalt  is  treated  with  an 
excess  of  bicarbonate  of  potash  in  the  cold,  there  is  formed,  with 
brisk  evolution  of  carbonic  add,  a  Toluniinons  precipitate,  which 
by  long  standing  is  transformed  into  a  mass  of  tolerably  distinct 
crystals,  having  for  their  compoeotion  KO.  €0^+ CoO.  GO^+OHO. 
The  ratiier  carious  phenomena  exhibited  by  tiie  addition  of  dilute 
copper-salts  to  a  strong  solution  of  carbonate  of  soda,  the  latter  in 
great  excess,  led  me  to  investigate  the  reaction  induced  upon  the 
salts  of  cobalt  under  similar  circumstances.   When  dilute  nitrate 
of  cobalt  18  added  to  bicarbonate  of  soda,  no  precipitate  occurs, 
until  a  considerable  quantity  has  been  introduced.    The  solution 
has  a  beautiful  violet  colour,  and  can  be  brought  to  ebullition, 
and  even   njaintuined   at  a  boiling  temperature  for  some  time 
without  undcrgoinj:^  complete  decomposition.     The  precipitate 
which  forms  after  a  fnrther  addition  of  the  cobalt-salt,  has  a  pnre 
pink  colour,  which  scarcely  changjes  its  tint,  even  when  the  liquid 
in  which  it  is  suspended  is  boiled  for  several  hours.    This  com- 
pound appears  to  hold  carbonate  soda  with  remarkable  tenacity; 
indeed  it  seems  impossible  to  free  it  from  tlie  latter  h\  any  amount 
of  ordinary  washing.    When  the  filtrate  no  longer  shows  signs  of 
alkalinity  to  test-paper,  the  precipitate  removed  from  the  filter 
and  heated  with  a  fresh  portion  of  distilled  water,  still  yields  an 
alkaline  solution.     On  filtering  off  the  carbonate  of  soda,  and 
heating  with  water  as  just  described,  the  pink  colour  quickly 
vanishes,  and  it  becomes  brown.     When  nitrate  of  cobalt  is 
added  to  an  excess  of  (  arhonate  ,of  soda,  carefully  freed  from  all 
excess  of  carbonic  acid,  the  precipitate  is  not  pink  but  blue, 
maintains  its  colour  with  some  persistency  as  long  as  the  super- 
natant liquid  is  strongly  alkaline,  and  is  quite  as  difficult  to  firee 

*  Fogg.  Ann.  Ixzzir.  548.  Ann.  Ch.  I'liann.  Ixzx.  237. 
VOL.  XIV.  X 
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from  adhering  soda  as  the  other  compound.    Cobalt,  it  appears, 
differs  somewhat  from  copper  when  acted  upon  by  either  the 
carbonate  or  the  bicarbonate  of  soda.  When  a  salt  of  copper,  it  may 
be  remembered,  is  added  to  a  strong  hot  solution  of  the  former, 
immediate  decomposition  takes  place,  carbonic  acid  is  evolved,  and 
a  highly  basic  carbonate  formed,  which  is  ultimately  converted 
into  the  black  oxide.    When  the  bicarbonate  is  employed,  a  fjrccn 
precipitate  of  hydrated  bicarbonate  is  obtained.    In  order  to  see 
if  oxide  of  cobalt  altogether  free  from  carl)onic  acid   can  be 
inrocnred  by  long-continued  boiling  in  distilled  water,  BolutioiiB  of 
tlie  nitoate  of  that  metal  and  carbonate  of  soda  were  inlxed, 
neiiher  being  in  great  exoM.     The  peach-coloured  compound 
was  well  washed  aad  suspended  in  a  pint  of  water,  which  was 
brought  to  ebullition  and  maintained  at  that  temperature  for 
about  ten  hours,  water  being  added  from  time  to  time  to  compen- 
sate for  the  loss  resulting  from  evaporation.    The  precipitate  soon 
changed  colour,  becoming  brown,  and  ultimately  black.  After 
filtration,  it  was  dried  at  212°  Fah.  and  analysed,  yielding  12*34  of 
carbonic  acid,  and  78*51  black  oxide  of  cobalt  (Co^OJ  upon 
intense  ignition.    The  carbonate  of  cobalt,  as  it  originaUy 
existed,  was  composed  of  ^(CoO.  CO,)  8(CoO.  HO)+Aq.,  and  by 
the  action  of  water  at  212^,  parted  with  a  portion  of  its  carbonic 
add,  and  became  partially  converted  into  the  sesquioxide*  A 
compound  containing  12'2l  carbonic  add,  which  upon  igni- 
tion  would  yield  78*41  of  the  protopevoxide  of  cobalt^  would  have 
the  following  formula: — 

2  (CoO.  COJ  3  (CoO.  HO)  +  Aq  +  Co^O^,  HO. 

Found.  Calculated. 
C02=  12-34  CO^  1212 

C03O4  78-51  C03  O^  78-41. 

That  this  compound  is  a  mixture  of  ordinary  carbonate  of  cobalt 
with  the  hydrated  sesquioxide,  arises  from  the  action  of  dilute 
hydrochloric  add.  When  this  acid,  diluted  with  three  or  four 
times  its  bulk  of  water,  is  added  to  the  carbonate,  the  latter  is 
almost  instantaneously  dissolved,  with  brisk  disengagement  of 
carbonic  add.  Upon  the  sesquioxide,  however^  it  produces  little 
effect.  When  cold  and  comparatively  weak,  the  liquid  becomes 
only  slightly  tinged,  after  being  in  contact  with  it  many  hours. 
Exactly  the  same  phenomena  occur  in  the  compound  just  mentioned. 
On  the  addition  of  dilute  hydrochloric  add,  the  whole  of  the 
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carbonate  is  immediately  dissolved,  a  black  powder  remaining 
untouched.  When  warm  and  concentrated  acid  is  added  to  this, 
it  is  gradually  decomposed,  solution  is  effected,  and  chlorine  is 
evolved.  When  nitrate  of  cobalt  is  added  to  a  solution  of  bicar- 
bonate of  soda  containing  a  small  quantity  of  the  hypochlorite  of 
that  alkali,  an  intense  and  beautiful  green  colour  is  produced,  and 
no  elimination  of  carbonic  acid  results.  So  strong  is  the  colouring 
power  of  this  body,  that  0  2  of  a  grain  of  nitrate  of  cobalt  will 
colour  eight  ounces  of  solution,  a  clear  bright  green,  as  dark  as 
a  tolerably  concentrated  solution  of  chloride  of  copper.  Large 
quantities  of  oxide  of  cobalt  can  be  dissolved  in  this  way,  and  the 
liquid,  if  not  too  strong,  may  be  boiled  for  some  time  without 
undergoing  decomposition.  When,  however,  the  nitrate  of  cobalt 
is  rather  concentrated,  and  heat  is  applied,  a  brisk  evolution  of 
carbonic  acid  takes  placc^  and  scsquioxide  is  precipitated,  whicb^ 
adhering  in  a  scaly  mass  to  the  sides  of  the  glass,  and  being 
removed  by  agitatioOj  floats  about  the  liquid  in  brilliant  iridescent 
plates,  appearing  at  first  sight  to  be  beautifully  and  highly 
crystalline. 

Cobalt  cannot  be  separated  from  iron  or  manganese  by  this 
method^  although  every  degree  of  concentration  and  tem- 
perature has  been  tried.  When  the  solution  is  not  sufficiently 
warm^  a  small  quantity  of  iron  is  dissolved,  when,  on  the  other 
hand,  consideraDle  heat  is  applied,  a  small  quantity  of  cobalt 
remains  with  the  precipitate. 

CarbonateB  qf  Nickel,  Nickel-salts  ezhihit,  generally  speaking, 
the  same  reactions  as  those  of  cobalt  in  excess  of  carbonate  of 
soda.  I  have  tried  in  vain  to  procure  oxide  of  nickel  perfectly 
free  from  carbonic  acid  by  boiling  the  carbonate  in  water,  although 
the  resulting  compound  was  very  highly  baric.  No  peroxide 
however  is  formed,  as  in  the  case  of  cobalt.  The  carbonates  of 
nickel,  when  precipitated  in  veiy  strong  solutions  of  the  alkaMne 
carbonates,  appear  to  hold  the  latter  with  as  great  tenacity  as  the 
cobalt-compound. 
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Preliminary     Note    concerning  a    new    Homologue  qf 

Benzoic  Add. 
By  Abtrub  H.  Church,  B.A. 
ATTSMm  haye  been  made  to  effect  the  oxidation  of  beuaol  by 
means  of  an  oxidimng  miztnie  consistiiig  of  bidiromate  of 
potassiiua  and  sulphuric  acid;  it  has  been  found,  however,  that 
the  hydrocarbon  remained  unattached.  Not  so,  however,  with 
the  other  members  of  the  same  series,  tolud  and  cnmol  yielding 
benzoic  add,  and  cymol,  an  acid  of  totally  different  properties 
and  constitution.  I  have  succeeded  in  producing  firom  bensol  an 
apparently  new  oxygenated  body,  presenting  all  the  pruperties  one 
might  expect  to  find  in  a  hoipdogue  of  benzoic  acid  containing 
CH^  less  than  that  substance.  This  supposition  is  strengthened 
by  the  result  of  an  experiment  in  which  nitrobenzol  was  made  to 
yield  an  acid  body  apparently  standing  in  the  same  relation  to  the 
first-mentioned  new  acid  as  nitrobenzol  to  benzol. 

The  following  was  tlic  plan  pursued  in  the  preparation  of  the 
new  acids:  Vuxa  benzol  was  dissolved  in  a  sliglit  excess  of  Nord- 
hausen  sulphuric  acid,  and  the  mixture  heated  for  some  time  to 
100**  C.  It  was  then  diluted  with  about  its  bulk  of  water,  and 
transferred  to  a  retort.  Small  fragments  of  bichromate  of 
potassium  were  added  gradually  to  the  liquid,  the  temperature  of 
wliich  was  slowly  raised.  The  acid  was  found  partly  floating  on, 
and  partly  dissolved  in,  tlie  aqueous  distillate.  Great  care  must 
be  taken  lest  the  oxidation  proceed  too  actively,  and  the  product 
be  lost.  The  acid  is  a  white  fusible  and  crystalline  solid,  dis- 
tinguished from  Collinic  acid,  to  which  the  same  formula  has  been 
assigned,  by  its  far  greater  solubility  in  hot  water.  The  analytical 
results  indicate  the  formula—- 

C^fiJ^  for  the  acid;  and 

CgHgMOa  for  the  salts. 
The  fiict  that  benzol  is  reproduced  in  large  (quantity  firom 
snlphobenzolate  of  ammonium  CgHg.  NH4.  SO3,  when  that  salt  is 

submitted  to  dry  distillation,  suggested  the  probability  that  the 

•  C  -  12 ;  0  -  1« ;  S  >^  82  i  H  »  1. 
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acid  itself,  when  acted  on  by  an  oxidizing  agent,  might  yield  the 
producto  which  we  should  expect  to  obtaiiu  by  the  oxidation  of  the 
original  benzol. 

When  Bulphotoluolic  aad  sulphocamolic  acids  are  similarly 
treated,  benzoic  acid  is  the  oonespondin^  product :  with  sulpho- 
cvmolic  acid,  a  white  powder,  apparently  identical  with  the  insdinic 
acid  of  Hofmann,  is  obtained. 

Nitrobenzol  is  attacked  with  the  utmost  difficult  by  the 
chromic  acid  miztuze.  By  long  boiling  it  is,  however,  at  length 
converted  into  a  white  add,  which  crystallizes  from  boiling  water 
in  large  uaereoos  plates.  Analysis  has  led  to  the  fonnnla— . 

CgHaCNOajOj  for  the  add ;  and 
CeHaCNOJMOa  for  the  salts. 

Nitrotoluol  and  nitrocumol  are  oxidized  with  condderable 
ease  tinder  similar  conditions^  yielding  nitrobenzoic  acid  in 
abundance.  This  is  tlic  case  also  with  nitrosulphotoluolic  add^ 
CfH^NOg.  H.  SO3,  the  acid  sulphite  of  nitrotoluenyl. 

The  add  from  nitrobenzol  was  obtained  in  Jane  last,  but 
.MM.  Cloez  and  Mignet  announce  in  the  ^'Comptes  Bendus'^ 
*of  January  2l8t,  1861,  tiiat  they  have  obtained  a  new  acid 
from  nitrobensol  by  oiidizing  it  with  permanganate  of 
potassium  or  with  a  mixture  €i  bidiromate  of  potassium  and  nitrio 
add.   To  thdr  add  they  assign  the  expression-^ 

C,H7(N02)03, 

But  it  is  not  easy  to  sec  how  such  a  body  can  be  derived  from  the 
oxidation  of  nitrobenzol,  which  contains  only  Cg.  Indeed  the 
authors  are  by  no  means  certain  of  the  purity  of  the  nitrobenzol 
which  they  employed,  and  they  even  go  so  far  as  to  suggest  that 
the  acid  which  they  describe  may  have  owed  its  origin  to  some 
foreign  body  with  which  the  commercial  nitrobenzol  on  which 
they  operated  may  haye  been  contaminated. 
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VII. — On  some  products  of  the  Action  of  Dilute  Nitric  Acid  on 
some  Hydrocarbons  qf  the  Benzol  Series. 

<PBBLIMIKABT  VOTICB.) 

By  WAEftBM  DsLaJELub,  Ph.  D.,  F.&.S.«  ito.  and 
HUOO  MULLBB,  Pb.  D.,  F.C.S. 

• 

Some  years  ago,  whilst  investigating  the  nature  of  Burmese 
naphtha,  and  examining  the  products  of  the  action  of  nitric  addon 
the  hydrocarbons  obtained  therefrom^  onr  attention  waa  directed 
to  aimilar  experiments  made  many  years  ago  by  Lanrent,  who 
discovered,  amongst  the  products  of  the  action  of  nitric  acid  on 
coal*tar  naphtha  and  the  naphtha  obtained  by  distilling  bitominona 
achist,  a  new  acid  called  ampeUe  aad,  of  the  interesting  compoei- 
tion  C^HgOj,*  being  isomeric  with  salicylic  acid.  As  we  fiuled 
to  find  ampelic  acid  amongst  the  prodncta  reaulting  ficom  the 
action  of  nitric  addon  Burmese  naphthf^  we  repeated  Laurent's ' 
experiments  with  coal-tar  naphtha,  but  with  no  better  result ;  we 
could  detect  no  substance-  corresponding  with  hia  description  of 
ampelic  add.  These  experiments  with  cosL-tar  naphths^in  con- 
sequence of  their  giring  a  negatiye  result  with  regard  to  ampelic 
acid,  occupied  our  attention  Ibr  some  time,  as  we  were  desirous 
of  making  out  the  somewhat  complex  nature  of  the  products 
resulting  trom  the  long-continued  action  of  nitric  add  on  this 
particular  class  of  hydrocarbons.  The  coal-tar  naphtha  used 
consisted  principally  of  toluol,  xylol,  and  pseudocumol. 

Resen^ng  for  a  further  eoiuniuuieatiuu  the  details  of  our 
investigation,  we  will  simply  state  at  present  that  we  finally 
succeeded  in  obtaining  four  different  acids  of  the  aromatic  series. 
The  interest  attacliing  to  some  of  them  may  justify  the  bringing 
of  our  results  in  an  incomplete  form  under  the  notice  of  the 
Society,  and  we  arc  the  more  induced  to  take  this  step,  because 
we  believe  that  other  chemists  are  directing  their  attention  to 
similar  products.  The  preparation  and  separation  of  the  sub- 
stances under  consideration  is  attended  with  the  expenditure  of  a 

*  Carbon  »  12 ;  Oxygen  -  16 ;  Hydrogen  »  1. 
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coniiclerable  time,  and  the  completion  of  our  reieaiches  may  ooii- 
aequeDtly  be  somewliat  delayed. 

For  our  experiments  we  dkitiUed  in  a  capadons  retort,  purified 
ftfMilrtar  naphtha  with  aboat  16  times  ii»  volume  of  dilute  nitric 
aeid  (oontaining  1  tolnme  of  commercial  aoid  to  8  Tolames  of 
water).  The  action  of  the  aoid  is  very  dowj  hot  after  aeveral 
days*  the  hydrooarbona  are  changed  into  a  heavy  Hqiiid  which 
gradoally  beoomea  oonyerted  into  a  yeUowiah-white  flooonlent 
■ubetane^  partly  suspended  in  the  acid  and  partly  dissoWed  in  it. 
When  no  farther  change  is  peroeptiblei  the  retort  is  allowed  to 
oool.  The  resulting  ydlowish-white  substance  is  separated  by 
filtration  from  the  add  mother-liquor,  and  treated  with  a  large 
qoantity  of  boiling  water,  which  dissolves  the  greater  part,  and 
leaves  some  semi-liquid  nitro-oomponnds,  and  a  few  other  sub- 
stances undissolved.   On  cooling,  the  aqueous  solution  deposits  the 
white  substance  it  had  held  in'  solution.    For  the  purpose  of 
separating  the  adhering   uitro-compounds  and  nitro-acids,  the 
white  substance  is  dissolved  in  amraonia,  mixed  with  sulpliide  of 
ammonium,  and  boiled  uutil  the  lutro-compounds  arc  converted 
into  am idojjen- compounds.    To  tlic  resulting  deei)-red  solution  are 
then  addcil  a  few  drops  of  hydroehloric  acid,  whieh  causes  a  brown 
precipitate  of  the  amidogen-compounds,  separable  by  filtration. 
The  filtrate  is  then  completely  precipitated  by  a  further  addition  of 
hydrochloric  acid,  and  the  precipitate,  consisting  of  several  acids, 
is  then  filtered  off  and  treated  ai^aia  with  a  large  quantity  of 
boiling  water,  which  leaves  undissolved  an  insoluble  acid.  The 
substance  deposited  on  cooling  is  filtered  off  and  dried.  After 
having  been  previously  fused,  it  is  introduced  into  a  small  retort 
and  then  submitted  to  careful  distillation.    At  first  there  distils 
over  a  colourless  liquid,  which  very  soon  solidifies,  like  palmitic 
acid,  in  the  neck  of  the  retort.    After  a  certain  time,  a  new 
substance  makes  its  appearance  and  crystallizes  in  large  acicnl&r 
crystals  in  the  bulb  of  the  retort,  just  above  the  boiling  liquid. 
The  distillation  is  stopped  at  this  poiut;  and  after  cooling,  the 
first-named  substance  in  the  neck  of  the  retort  is  removed  by 
gently  warming  it.   On  aubsequently  continuing  the  distiUation, 
very  little  passes  into  the  neck  of  the  retort,  the  residue 
beotmiing  gradually  black  and  solid,  whilst  the  upper  part  of  the 
butt)  becomes  filled  with  magnificent  crystals.  "When  the  forma- 
tion of  the  latter  oeases,  the  operation  is  discontinued.  The 
pahnitio-aeid-like  distillate  is  a  mixture  of  two  adds,  and  fior  the 
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purpose  of  separating  them,  it  is  powdered  and  brou<fht  into  contact 
Nvith  purified  Burmese  naphtha  boiling  at  about  9(f  C.  (probably 
hydrun^t  of  capryl  CyHjg).  The  hydrocarbon  extracts  oiw  part 
of  the  distillate,  leaving  the  other  imdissolved.  After  tlic  hydro- 
carbon has  been  filtered,  it  is  distilled,  whereon  a  liquid  residue 
remains  iu  the  retort,  and  gradually  solidities  to  a  beautiful 
crystalline  mass.  This  crystaUme  substance  is  an  acid  possessing 
the  general  properties  of  benzoic  amd.  A  combustion  made  with 
material  not  quite  free  from  the  second  acid  (which  we  suQoeedcd  at 
last  in  separating  completely  with  Burmese  naptha^  which  we  had 
not  employed  in  oar  first  experiment),  gave  numbers  (CgH^O^), 
approaching  very  nearly  those  of  the  next  lower  homologue  of 
henaoic  acid.  This  new  acid  fbses  at  about  6QP  but  oocaaionaUy 
remaina  Uquid,  eren  at  the  ordinary  temperature,  especially  when 
not  quite  pure.  It  is  heaTier  than  water,  and  mixes  in  all  pro- 
portiona  with  alcohol ;  it  is  only  slightly  soluble  in  cold  water,  but 
moie  80  in  boiling  water.  From  a  saturated  hot'  solution  it 
aepaiates,  whilst  the  solution  is  cooling,  as  a  heavy  oil  which  some- 
timea  solidifies  immediately,  but  at  other  times  only  after  a  certain 
interval.  This  add  is  dightly  volatile,  even  at  ordinary  tem- 
peratures, for  it  covers  itself  with  beautiM  crystallisations.  It 
possesses  a  very  acrid  taste.  When  boiled  with  water,  it  volatilises 
to  a  considerable  extent.  It  can  be  distilled  per  $e  without 
decomposition,  and  forms  well-cry stallizled  salts  with  the  alkalies. 
From  this  description  it  will  be  perceived  that  this  acid  bears  a 
great  similarity  to  an  acid  which  was  described  only  a  few  nionihs 
since  by  Frohdc,  who  obtained  it,  in  small  (quantities  amongst 
the  products  of  oxidation  of  glue  and  albuminous  substances, 
and  called  it  accordingly  CoUidhiic  acid.  The  difference  wliich 
still  exists  may  be  cleared  \\\)  by  further  invet^tigation  ;  for  Frohdc 
had  not  material  enough  for  combustion,  iinr  was  his  acid  quite 
frrc  from  benzoic  acid.  Although  the  quantity  of  this  acid  formed 
frum  the  hydrocarbons  is  not  great,  we  have  no  doubt  that  this 
source  will  furnish  the  material  for  a  complete  investigation  of  this 
highly  interesting  acid. 

The  add  which  is  left  undissolved  by  the  Burmese  iinplitha 
(hydnuret  of  capryl)  has  the  composition  of  beniEoic  add,  but  it 
ditters  in  some  points  from  the  true  benzoic  acid,  wanting  its 
great  power  of  crystallization.  It  seems  not  unlikely  that  this 
acid  is  identical  with  salylic  acid  the  isomer  of  bensoic  acid  quite 
recently  described  by   K.olbe   and  Lautemann  (G^H^O^). 
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The  before-named  crystaUine  sublimate  which  deposits  ia  the 
bulb  of  the  retort  i«  an  acid  which  differs  considmbly 
from  any  of  the  known  acids.  In  its  chemical  properties  it 
resembles  closely  tercphthalic  acid^  but  it  differs  from  this  acid  in. 
its  capability  of  forming  large  and  distinct  crystals  when  it  is 
BoUimed.  The  crystals  wlieii  obtained  by  sublimation  form 
arborescent  masses  of  large  prismatic  crystals.  The  quantity  of 
the  acid  obtained  was  too  small  to  ascertain  its  chemical  nature 
more  fully. 

Lastly,  the  insoluble  acid,  which  remains  undissolved  when  the 
precipitate  is  obtained  by  the  addition  of  hydrochloric  acid  to  the 
ammoniacal  solution  of  the  crude  adds,  after  treatment  by 
sulphide  of  ammoniam,  is  principally  tenphthaUe  acid  (CgU^OJ. 

The  terepKthalic  acid  is  dried  and  conTerted  into  ierephtfaalic 
chknide,  whack,  when  heated  with  methylic  alcohol,  fbrnishes 
terephihalate  <^  methyl,  which  can  be  readily  purified  by 
le-crystaUisation  from  akohol,  and  tiins  when  decomposed  olfers 
a  ready  means  of  procuring  terephthalic  acid  in  a  pure  state. 


VIII.— 0/i  the  Bisulphide  of  Iodine, 

By  Fkedsrick  Guthrib. 

An  examination  of  the  action  of  certain  compound  halogens 
on  some  of  the  olefiiies,  lias  led  me  to  consider  incidentally 
the  preparation  of  some  of  the  compound  halogens  iu  the  pure 
state. 

Of  compound  halogens,  while  the  constitution  of  none  is  more 
invariable  and  definite  than  that  of  the  bisulphide  of  chlorine, — 
the  bisulphide  of  iodine  can  scarcely  be  said  to  have  been  prepared, 
notwithstanding  the  strong  analogy  between  clilorine  and  iodine. 

That  iodine  combines  with  sulphur  is  well  known ;  that  such 
.  combination  is  attended  by  the  liberation  of  heat  is  equally  well 
established ;  and  since  homogeneous  mixtures  of  the  two  may  be 
prepared  in  all  proportions,  it  is  clear  that  a  substance  having  the 
percentage  composition  of  the  bisnlphide  of  iodine  may  be  formed. 
Bodies  so  formed  have  little  or  no  title  to  the  name  of  chemical 
compounds. 

If  we  remember,  on  tiie  one  hand,  the  fret  which  I  have  abnn^ 

YOL.  ZIY.  r 
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dantly  proved  on  fanner  oocsmioiis,  thai  ua  eqtiiYalent  of  bianlplttdo 
of  chiorine  ftmctuuw  at  two  equivalents  of  chlorme,  or,  as  some 
diemists  vould  eiqpress  Up  that  the  molecule  of  bisulphide  of 
chlorine  Is  biatomic ;  and  if  we  farther  remember  that  at  least 

two  equivalents  of  chlorine  or  of  sine  are  required  to  recompose 
iodide  of  ethyl^  according  to  the  equations^ 

(1)  *  +  2Cl  =  C^H,C1  -f  ICl 

(2)  C4H  J  +  2Zn  s  C^U^Zn  +  Znl 

we  must  be  prepared  to  anticipate  the  aiialogous  re-action-^ 

(3)  C^H.I  +  SjCl  «  C^HgCl  -f  SJL : 

This  the  more,  because  in  Ae  ease  of  certain  compounds,  audi 
as  NaSuj  we  find — 

(4)    C^H^I  +  NaSn  =  C^H^Su  +  NaT. 

Hhe  method  I  emph>y  foot  the  preparation  of  the  bisulphide  of 
iodine  is  in  ftct  based  upon  the  validity  oS  equation  (8). 

Beoompositions  quite  akin  to  (8)  are  suffered  by  tiie  iodides 
of  methyl  and  of  amyl ;  whence  we  may  assert  the  general 
equation— 

(6)   C,H.^..iI  +  S,C1  =  C^H^^jCl  +  3,1. 

Fot  obvious  reasons  the  ethyl-compound  is  preferred. 

The  reciprocal  action  of  iodide  of  ethyl  and  bisulphide  of  chlorine 
is  perliaps  as  interesting  in  its  manner  as  in  its  result.  The  t\ro 
li([UKl.s  may  be  mixed  in  all  proportions  without  a  greater  change 
in  colour  than  is  due  to  the  dilution  of  the  coloured  sulphide  by 
the  colourless  iodide ;  neither  is  heat  liberated  nor  other  immediate 
token  given  of  chemical  change  taking  place.  The  change  appears 
to  be  complete  in  about  twelve  hours.  If  the  vessel  be  open 
to  the  aif,  the  chloride  of  ethyl  evaporates  as  it  is  formed, 
leaving  the  bisulphide  of  iodine  in  magnificent  crystals,  cotitami- 
iiated,  however,  by  the  products  of  the  action  of  the  moisture  of 
the  air  upon  the  bisulpliide  of  chlorine.  For  this  reason  the 
process  is  best  conducted  in  a  hermetically  sealed  tube.  The  co- 
rca^ents  arc  used  in  the  ])ropoi-tion.s  shown  by  the  equation—- a 
•veiy  slight  excess  of  the  iodide  being  added. 

*  Bqnation  (1)  expreuses  only  the  iuitial  recoiup(Mitioa — the  ulUmsie  pioctiiete 
iie  HdilOla  and  dtlpnae  mbititatiflik-prodiMti  of  OjOfiL  * 
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On  opening  a  tube  so  charged,  which  has  been  left  over  night, 
and  applying  the  heat  of  the  hand,  the  chloride  of  ethyl  eacapea. 
A  gentle  heat  suflSces  to  expel  the  residual  iodide  of  ethyl — ^where- 
upon tlio  bisulphide  of  iodine  is  left  in  the  form  of  fine  tabular 
dystals  of  the  lustre  of  iodine  and  in  a  state  of  absolute 
purity. 

Although  the  exact  composition  of  the  substance  may  be  fairly 
deduced  firom  its  BpiSimm^  H  «bbs  •obrnxttod  to  analysis  in  the 
following  way. 

0*8270  grm.  was  heated  m  a  eombiistkn^tiibe  with  nitrate  of 
potash  and  carbonate  of  soda^  whereby  the  iodine  and  sulphnr 
were  eonmted  respectively  into  iodide  and  sulphate  of  potasaiiim. 
They  were  then  estimated  in  the  nsiud  way ; 

Calculated.  Found. 
Sg  20- J  3  20-28 
1         79-87  79-81 


100-00  100-09 

Though  in  this  note^  this  curious  redaction  is  considered  as  a 
means  of  preparing  the  compound  halogen  S^Ij  it  is  perhaps  of 
equal  interest  as  offering  a  method  for  preparing  an  organic  chlo* 
ride  from  its  iodide ; — a  problem  hitherto  difficult  and  cumbrous  iu 
solutiouj  albeit  its  inverse  is  often  eai^  and  of  frequent  ooennenoe. 
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By  r.  W.  flLofmaBB. 

[From  the  Prooeedings  of  the  Boy»l  Sooi«tj  for  Jane,  I860.] 

Among  the  numerous  corapounds  into  which  benzol,  when  sub- 
mitted to  reagents,  is  converted,  azobtiizol  and  its  derivatives  have  as 
yet  received  but  limited  attention.  Although  more  than  twenty- 
five  years  have  elapsed  nnce  thk  interesting  body  was  discovered 
b^r  Mitscherlich^  both  its  formation  and  its  constitation  remain 
still  doubtful. 

Mitscherlich*,  who  discovered  azobenzol  in  1834,  when  sub- 
mitting; nitrobenzol  to  the  action  of  an  alcoholic  Boluticm  of  potassa, 
represented  this  compound  by  the  formida 

CeH,Nt, 

but  left  the  reaction  which  gives  rise  to  the  formation  of  azobensol 
unexplained.    In  1 845  this  body  was  reprepared  by  Hofmann  and 

Muspratt:J:,  who  observed  among  the  collateral  products  of  the 
reaction  aniline  and  oxalic  acid.  They  represent  the  formation  of 
azobenzol  by  the  equation 

2CgH,NO,  +  C.HgO  =  CgH.N  +  CgH^N  +  C^H^O^ + H,0, 
NitrobenioL      AloohoL  Aaobenid.  Pbenjlsmine.  Oxalic  add. 

adding  at  the  same  time  that  they  are  far  from  considering  this 
equation  as  more  than  the  representation  of  one  phase  of  the  trans- 
formation of  nitrobenzol,  since  several  other  rather  inddinite  com- 
pounds arc  formed  simultaneously. 

At  about  the  same  period  Zinin  made  the  interesting  observation 
that  azobenzol  is  capable  of  fixing  hydrog;en  and  of  being  thereby 
converted  into  a  well-defined  base,  benzidine^  which  he  represented 
by  the  formula 

Considering  the  physical  characters  both  of  azobenzol  and  of 
benridine,  especially  the  high  boiling-points  of  these  snbstancesy 
and  the  ratio  of  hydrogen  and  nitrogen  in  the  latter  compound, 

•  Pogg.  Ann,  xxxii,  p.  224. 

t  H  -1,  0  =  16.  C  =  12,  &c. 

i  Mem.  of  the  Chem.  Soc.  vol.  iu.  p.  118.  * 

« 
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the  sum  of  tKe  number  of  equivalents  of  these  two  elements  TiOt 
being  divisible  by  2,  many  chemists  were  inclined  to  double  the 
formulae  of  both  bodies^  and  to  represent  them  bj  the  following 
expressions : — 

Azobcuzol   Ci2^^io^a 

Bensidine   ^12^12^2 

This  view  received  the  first  experimental  confirmation  in  the  for- 
mation of  the  nitro-derivatives  of  azobenzol,  which  were  examined 
in  1849  by  Oerhardt  and  Lanrent.   The  formation  of 

Nitrazobenzol   C,aH9N302=C,2rH9(N02)] 

Dinitrazobenzol . .  C,2H8N^04=C,2[Hg(N02)2]N2, 

and  of  several  derivatives  of  these  bodies,  having  established  the 
C|2-formala  of  azobenzol,  but  little  doubt  could  be  entertained  re- 
garding the  formula  of  benzidine,  which  is  as  readily  obtained 
from  azobcnzol  by  reducing  agenfcSj  as  it  may  be  reconverted  into 
azobenzol  by  nitric  aeid*. 

The  molecular  value  of  benzidine  being  thus  almost  exclusively 
fixed  b^  the  determination  of  the  formula  of  the  compound  from 
which  It  originates^  it  was  of  some  interest  to  obtain  additional 
exponmental  evidence  for  the  molecular  weight  of  asobenzol. 

With  this  view  I  have  determined  the  vapour-density  of  azoben* 
sol.  This  body  boiling  at  a  rather  high  temperatnrey  I  have 
availed  myself  of  the  method  of  displacement  lately  proposed  by 
Professor  Hofmann.  Experiment  proved  the  density  of  the  azoben- 
zol-vapour  to  be  94  referred  to  hydrogen  as  unity,  or  6' 50  referred 
to  air.  The  theoretical  vapour-density  of  azobenzol,  assuming 
that  one  molecule  of  thib  compound  furuishes,  like  the  rest  of  well- 

182 

examined  substances,  2  Yols.  of  vaponrt,  is  — s=91  referred  to 

hydrogen,  and  6*82  referred  to  air. 

This  determination  of  the  vapour-density,  then,  plainly  confirms 
the  higher  molecular  weights  proposed  for  aiobensol  and  fer  benzi- 
dine. 

"When  determining  the  vapour-density  of  azobenzol,  I  had  occa- 
sion to  observe  that,  probably  in  consequence  of  a  typo<?raphical 
error,  the  boiling-point  of  this  compound  is  misstated  in  all  the 
manuals  which  I  could  consult,  and  even  in  the  original  memoirs 
of  Mitscherlich  himself.  The  boiling-pumt  is  stated  to  be  193° 
C./  whilst  it  is  in  reality  298**  C. 

fienzidinety  when  expressed  by  the  formula 

presents  itself  as  a  well-defined  diacid  diamine.  The  molecular 
construction  of  the  diatomic  base  remained  to  be  decided. 

*  K 9ht%  Jonrntl  oftiit  Ohtm.  80a.  voL  tUL  p*.  898.  Tola. 
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I  have  endeavoured  to  solve  this  prohlera  by  the  process  of 
ethylation,  a&  yet  the  simplest  and  the  best  guide  iu  determiuiug 
questions  of  tms  kind.  Bengiding  in  tbe  jnmaoe.of  tHoohok  is 
rapidly  attacked  by  iodide  of  ethyl.  After  two  hoan'  digestioa  at 
l&f  C.  in  sealed  tabes,  the  reaction  is  opmplete.  The  solution 
on  eraporation  yields  a  crystalline  iodidei, 

C 1  gl 1 22^2^ 2  ~  ^  1 2^^  1 2(^2 ^^5) 2^-2^2* 

frm  which  ammonia  separates  a  soHd  crystalline  base  very  similar 
to  bensidine.  Thisoompoimdj  wMoh  ftuea  at  65^  C.^  and  resolidi- 

^  1 6^20^2  ~  ^  1 2     1 0  (^2^5)  2^2» 

which  forms  well-crystallizable  salts  with  the  acids,  and  yields 
with  dichloride  of  platinum  a  difficulty  soluble  crystalline  platinum- 
salt  CTf**ft?^ipg 

"When  diethylbenzidine  is  treated  again  with  iodide  ci  ethyl,  iSb» 
phenomena  previously  observed  are  repeated.  The  iodide 

^20^30^2^2~  ^12^10(^2^5)4^2^2 

is  formed,  which  when  decomposed  by  ammonia  yields  teirethyl- 

bciisidiiie 

C,„H,3N,=C„H,(C,H5),Nr 

Tctrcthylbenzidiiie  resembles  the  diethylated  and  the  non-cthylated 
baae.  It  fuses  at  85°  C,  resolidifying  at  80°  C,  jproduces  with  the 
aeids  crystalline  ocmipoands,  and  furnishes  with  dichloride  of  plati- 
nnm,  a  platinom-salt  of  the  formula 

^20^30^2^^2J^^^^2' 

The  further  action  of  iodide  of  ethyl  upon  tetrethylbenzidine  is 
extremely  slow.  After  12  hours'  digestion  at  100°  C.  only  a  very 
minute  quantity  of  the  base  had  been  transformed  into  an  iodide. 
Iodide  of  methyl,  on  the  other  hand,  acts  with  great  energy.  An 
hour's  digestion  is  sufficient  to  prodnoe  the  final  diasDmaoniiDn- 
compound. 

The  iodide 

.  C,,H3,N,I,=C,,H,(C,H,),(Cn3),N,I, 

is  very  difficultly  soluble  in  absolute  alcohol,  but  dissolves  with 
facility  in  boiling  water,  from  which  it  is  deposited  on  cooling,  in 
long  beautiful  needles.  The  solution  of  this  iodide  is  no  longer 
precipitated  by  ammonia,  but  yields  with  oxide  of  silver  a  power- 
fiillv  alkaline  solution,  exhibiting  all  the  charactt;r8  of  the  com- 
pletely  substiLuteci  uinioonium-  and  diammonium- bases  discovered 
by  Professor  Hofmann.  The  sdnlaoii  of  this  dimethyl-telrethyL. 
f(ted  base,  which  contains 
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18  not  fartlier  aetod  iipoii  hy  father  iodide  of  etliyl  or  meHrrt 
With  acids  it  forms  a  series  of  salts  which  are  mnarkable  for  the 

beauty  with  which  they  crystallize.  The  platinum -salt  is  almost  in- 
soluble in  water,  but  soluble  with  didicultjr  in  concentrated  boiling 
kydroehkfric  acid,  crystallizing  frotB  ilda  tolotioii  oa  oooling  in 
beantiM  needlea.  Tfaaa  aalt .  oontaina 

Tlic  above  experiment  appear  to  eatafalish  the  molecular  construc- 
tion of  benzidine  in  a  satisfactory  manner.  This  base  is  obviously 
a  primary  diamine,  in  which  the  molecular  group  Cj^Hg,  whatever 
its  natiure  may  be,  fiinctiona  as  a  diatomic  radical.  A  glance  at 
the  subjoined  Table  exhibits  the  construction  of  fnd  of 

the  several  oompounda  whicb  I  hare  described. 

tXamktet, 


Bemi^ne 
Diethylated  ben- 


(Calls). 


Tetreth^lated  (C.^H^)' 
bc|i«dine » . » .    (C  "  ' 


(C..1I«)") 


Primary . . 
Secondary 
Tertiary 


r(C,,H«)"  He 

.(C„H«)"  (C,H,),N,y'I^ 


Quartary   [(C„H,)"  (GIL,),  (C,,H5),NJ"I,. 

The  experiments  described  iii  this  uutc  were  performed  in  Pro> 
feasor  Honnann's  labemtoiy. 


(Wnm  tiM  TkiBMaUoH  of  tbe  Royal  Society  of  Bdliibni|^  ToL  ZXIL, 

P»rt  VI.,  p.  860.) 

Oil  op  Cajeput  is  prepared  in  the  East  Indies,  by  distilling  the 
leaves  of  Melaleuca  Leucodendron  with  water.  It  was  formerly" 
naed  to  a  great  extent  as  an  eitemal  and  even  aa  an  internal  medi- 
'cinej  bat  has  noir  become  move  or  less  obsolete^  lud  is  seldom 
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met  with  in  a  pure  or  unchanged  state,  except  in  tiie  bands  tif 
wholesale  druggists.   As  introduced  into  Europe,  it  possesses  a 

light  green  colour,  resembling  that  of  a  dilate  sointion  chloride 
of  chromium,  which  is  caused  by  a  reslnons  colouring  matter  dis- 
solved in  it  in  very  small  quantity. 

The  colour  of  the  crude  oil  is  also  partly  due  to  copper,  the 
presence  of  wliich  m^y  be  accounted  for,  cither  by  the  use  of  a 
copppr  head  in  the  distillin;?  apparatus  of  tlic  Indians,  or  by  inten- 
tional adulteration  resorted  to  for  preserving  the  green  colour  of 
the  oil,  which  otherwise  changes  gradually  by  oxidation  to  a  red- 
dish-brown, the  oil  then  becoming  luuuleable  fbr  medimnal  pur- 
poses. That  the  oil  possesses  a  green  colour  of  its  own,  is  proved 
oy  the  hat  that  the  ciilour  remains  after  the  complete  removal  of 
the  copper  by  sulphuretted  hydrogen. 

Oil  of  cajcpnt  consists  mainly  of  the  bihydrate  of  a  hydrocarbon 
(cajputene)  isomeric  with  oil  of  turpentine.  Its  specific  gravity  is 
0*926  at  10°  C.  On  submitting  it  to  fractional  distillation,  bihydrate 
of  cajputene,  which  constitutes  about  two-thirds  of  the  crude  oil, 
passes  over  between  175°  and  ITS**  C.  j  smaller  fractions,  perhaps 
products  of  decomposition,  are  obtained  from  ITS'"  to  240*"  C,  and 
nom  24ff  to  250^  and  at  2W  only  a  small  residue  is  leit,  con- 
sisting of  carbonaceous  and  resinous  matter  mixed  with  nletallic 
copper.  On  treating  this  residue  with  ether,  a  green  solution  is 
obtained,  which,  when  evaporated,  leaves  a  p;rren  resin,  soluble  in 
the  portion  which  boils  between  175*^  and  17^"  C,  and  capable  of 
restoring  its  original  colour. 

Cajputene,  C2oH|g,i8  obtained,  together  with  two  isomeric  hydro* 
carbons,  {^oea^mtene  and  paracajpiUene)  by  oohobating  bihydrate 

of  cajputene  with  anhydrous  phosphoric  acid  for  half  an  hour,  and 
then  distilling  off  the  liquid,  whereupon  cajputene  passes  over  at 
160"* — 165°  C,  isocf^putene  at  176*^ — 178°,  and  paracajputene  at 

310"— 3  ur. 

Cajputene  is  perfectly  colourless,  and  has  a  very  pleasant  odour 
resembling  that  of  hyacinths.  Sp.  gr.  =  0-850  at  15  C.  Vapour- 
density  by  experiment  4  717;  by  calculation,  supposing  the  mole- 
cule to  occupy  4  volumes  of  vapour,  it  is  4*712. 

Cajputene  is  permanent  in  the  air.  It  is  not  affected  by  iotUne 
at  ordinary  temperatures,  but  at  a  higher  temperature,  hydrogen  is 
evolved  and  a  black  liquid  is  formed.  Bromine  acts  quickly  on  it, 
producing  a  dark  viscid  oil.  With  gaseous  hydrochloric  acid,  it 
forms  a  hoautiful  violet  liquid,  but  no  (;rystallinc  compound,  even 
at — 10  C'.  A  mixture  of  ordinary  nitric  and  sulphuric  acids  act 
upon  it  with  violence,  forming  a  yellow  brittle  resin. 

Cajputene  is  insoluble  in  alcohol,  but  dissolves  in  ether  and  in 
oil  of  turpentine, 

Isocajputenc  CjoH^g. — Obtained;  (1.)  as  above.   (2.)  By  di»* 
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tilling  the  bihydrate  of  cajputene  with  oil  of  vitriol.  It  is  an  oil 
boilin^r  between  176°  and  178^  C.  Its  odour  is  leas  agreeable  than 
that  ol'  cajputene,  and  becomes  more  pungent  and  aromatic  by 
exposure  to  the  air,  the  mi  at  the  same  time  acquiring  a  yeUow 
cofoor.  Sp.  gr.  =  0*857  at  16**  C.  Yapoar-deosity  of  (1)  s>4*82 ; 
of  (2)  =  4-52. 

Iodine,  hr amine,  gaseous  hydrochhric  acid^  and  a  miitme  of 
fdtric  and  sulphuric  acids,  act  upon  isocajputene  in  the  same 
manner  as  on  cajputene.  With  oil  of  vitriol,  and  witli  dilute  sul- 
phuric, hydrochloric  or  nitric  acids  (neither  of  which  acts  upon 
cajputene),  it  forms  dark  viscid  liquids. 

Isocajputene  is  insoluble  in  water  and  in  alcohol,  but  mixes  in 
all  proportions  with  eiher  and  with  oil  of  turpentine, 

Paracajpntf  no  C^qII^j. — Obtained,  as  above  mentioned,  by  dis- 
tilling bihydrate  of  cajputeuo  anbydrous  phosphoric  acid ;  and 
passes  over  between  310  and  IMG  C.  It  is  very  viscous,  has  a  lemon- 
yellow  colour,  and  in  certain  directions  exhibits  deep-blue  fluores- 
cence. Vapour-density  by  experiment  7*96 ;  by  calculation  ( i  vol.) 
=  9-424. 

The  diiFeienoe  between  the  experimental  and  calculated  vaponr- 
densitiea  is  probably  due  to  decomposition,  taking  place  at  the  high 
temperature  required  for  the  determination. 

Pazacinpnteue  oxidiaea  rapiiUy  in  contact  with  the  air,  acquirii^; 

a  red  colour  and  resinous  consistence.  A  mixture  of  nitric  and 
sulphuric  acids  does  not  act  so  violently  on  it  as  on  cajputene  and 
isocajputene.  With  hydrochloric  acid  gas,  it  forms  a  dark,  viscid 
liquid  which  does  not  yield  crystals,  even  at — 10**  C.  It  is  inso- 
luble in  water,  alcohol,  and  oil  of  turpentine ;  soluble  in  ether, 

Hyorates  of  Cajputene. — a.  Mono-hydrate  C^QHjg.HO. — 
Obtained  by  the  action  of  oil  of  vitriol  on  oil  of  cajeput.  When  the 
crude  oil  is  raised  to  the  boiling  point  in  a  deep  open  vessel,  and 
oil  of  vitriol  continuously  dropped  into  it,  violent  ebullition  takes 
place^  accompanied,  after  a  while,  by  a  peculiar  crackling  sound. 
Aa  80on  aa  tmais  obaerved,  the  flame  moat  be  lowered  and  the  acid 
▼ery  cantioualy  added  till  the  liquid  suddenly  assumes  a  dark 
colour,  extending  in  an  instant  mm  the  surface  throughout  the 
whole  depth.  The  vessel  must  then  be  immediately  removed  from 
the  fire,  otherwise  further  decomposition  will  take  place,  attended 
with  evolution  of  -sulpluirous  acid.  The  upper  oily  liquid  is  separated 
from  the  acid  on  which  it  floats,  then  well  washed,  and  distilled, 
and  the  portion  which  passes  over  from  the  170°  to  1 75"  is  collected 
and  rectified.  It  is  an  oily  liquid,  having  a  vapour-density  of  5- 19 
to  5*27  ;  by  calcttlati<m  (4  vol.)  =  5*024. 

This  Tapour-denaify  ia  anomalonsj  inasmuch  aa  the  molecule 
CjqHi^O,  which  occupies  four  volumea  of  vapour,  contains  but 
1  atom  of  oxygen.    Probably  the  true  formula  of  die  body  ia 
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=  C^Usa  HaOj,  ihM  molecule  iplttting  up  at  hig^ 
tempentares  into  C40H32  and  H^O,^  each  of  wbidi  oooopieft  imir 
Tolumes  of  vapour,  ana  conaegocntiy  the  two  together  oocmfj 
8  Tolamea.* 

b.  Bihrdrate,  CaoHi80a=CaoHij.2HO.— This  ia  the  chief  con- 
atitaent  01  oil  of  cajepat,  and  passes  OTer  in  the  fractional  distilla* 


colourless  oil  which  boils  constantly  at  1 75°,  has  a  specific  gravity 
of  0*903  at  17°,  and  vapoor-density  =  5*43  j  the  calculated  vapour- 
density  (4-  vol.)  is  5*38. 

Wlicn  exposed  to  the  air  for  a  considerable  time  in  the  moist 
state,  it  changes  to  a  reddish  liquid  which  ultimately  exhibits 
a  rather  strong,  acid  reaction  with  litmus.  Iodine  dissolves 
in  the  oil,  and  under  certain  eircnmstancea  forma  oystalline 
componnda  (p.  69).  Bramim  acta  quickly  upon  it,  and  finrma 
crystalline  compounds  under  similar  circumstances*  Chlorine  ga» 
paaaed  into  the  oil  raises  the  temperature,  but  does  not  appear  to 
act  upon  it  further ;  but  nascent  chlorine  (evolved  by  passing 
hydrochloric  acid  i^as  into  the  oil  niixrd  with  dilute  nitric  acid) 
converts  it  into  bicliloride  of  cajputene  C^W^^QX^,  Anhydrous 
phosphoric  acid  heated  with  the  bihydrate,  takes  away  the  whole 
of  its  water,  converting  it  into  cajputene,  isocajputene,  and  para- 
cajputene  (p.  6i).  Chloride  of  zinc  likewise  dehydrates  it,  but  less 
completely.  Strong  ndphwrie  odd  acta  but  very  alowly  on  the  oil  at 
low  temperatures ;  but  if  the  temperature  be  aJlowed  to  riae,  8nl-> 
phurous  acid  is  given  off,  and  the  oil  blackens  and  ultimately  suffers 
com^te  decomposition.  If  the  action  be  checked  at  a  certain 
point,  a  sulpho-acid  is  formed,  \yhich  yields  a  soluble  baryta-salt. 
Stron<!;  siilpluiric  acid  dropped  into  the  oil  at  the  boilinf]^  heat,  in  the 
manner  described  at  page  65,  takes  away  half  the  water,  forming 
mono-hydrate  of  cajputene.  Dilute  sulphuric  acid  on  the  contrary 
causes  the  bihydrate  to  take  up  4  At.  more  water,  converting  it  into 
CjqH  .0 + 6HO.  Ftsming  sulphmrie  «m»J converts  the  hihymte  into 
a  thicac  brown  liquid,  which  boils  above  860^  Fkumng  niirie  add 
rapidty  oxidises  the  oil,  even  at  ordinary  temperatures,  forming  a 
large  quantity  of  oxalic  acid.  Ordinary  nitric  acid  produces  the 
same  effect  at  the  boilinf^  heat,  but  at  ordinary  temperatures,  it 
over  acts  very  slowly,  converting  the  oil  into  a  red  liquid.  Distilled 
permanganate  or  bichromate  of  potassium  in  presence  of  sulphuric 
acid,  it  forms  a  thick  resinous  liqiiid.  It  docs  not  appear  to  be 
altered  by  digestion  with  peroxide  of  lead.  In  eouLact  with  aqueous 
potash,  or  when  dropped  into  melting  potash,  it  forms  a  soluble 
salt,  the  add  of  which  is  precipitated  as  a  resin  by  hydrodiloric 

» See  ''Observstio&B  on  Anomaloas  TapoD^densitieo,"  by  Dr.  Hofteson ;  (Pfo- 
ceodingH  of  fhc  Rojal  Society,  vol.  x,  pp.  M4, 599);  also  Onelia'k  HandoMk, 


tion  between 
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or  sulphuric  acid.  Heated  with  sodium,  it  forms  a  crystalline 
mass,  soluble  in  water  and  alcohoi,  and  coDsistiug  of  soda  and  an 
organic  substance,  which  is  separated  by  strong  adds  in  the  form 
c£  a  fragnuut  resin.  When  tne  vapour  of  the  Inhydrate  is  passed 
oyer  r^  hot  ioda'Uwie,  a  yellow  oil  distils  over,  having  a  pecoliar 
odour  quite  different  from  that  of  the  bihydrate,  and  at  the  same 
time  the  soda-lime  becomes  blackened  by  deposited  charcoal,  and 
when  treated  with  acids,  gives  off  a  larji^e  quantity  of  carbonic 
acid.  The  yellow  oil  thus  formed  yielded  by  distillation  a  fraction 
boilinjj  between  180°  and  185"  C,  which  gave  in  two  analyses,  79'76 
and  80  ()3  p.  c.  C,  12'20  and  12*07  H,  agreeing  nearly  with  the 
formula  Cjglia^O^g  which  rec^uires  79  59  p.  c.  C,  12*44  H,  and 
7-97  0. 

Bihydrate  of  cigpntene  dissolves  in  all  proportions  in  alei^ol^ 
ether,  and  oil  fwpt!tdmt. 

c.  Hexhydrate,  CaoHajjOgsCaoHj^jGHO.— Produced  by  the 
action  of  dilate  Bulphunc  on  thebihydTateyor  cm  ern^ 
put  Two  parts  of  dUute  sulphuric  add  are  added  to  1  part  of  the 
crude  cnl;  and  the  mixture  is  well  shaken  for  several  days  till  the 
watery  layer  acquires  a  yellowish  colour,  and  then  left  to  itself  for 
about  ten  days,  whereupon  it  deposits  crystalline  tufts  of  the  hei- 
hydrate,  adhering  to  the  sides  of  the  vessel. 

The  crystals  melt  at  120°  C,  and  solidify  ag£|in  at  85*'.  On  sub- 
mitting them  to  dry  distillation,  an  oily  liquid  passes  over  and 
condenses  again  in  the  colder  parts  of  the  apparatus,  apparently  as 
the  unaltered  hcxydrate.  The  crystals  dissolve  sparingly  in  oold^ 
easily  in  boiling  alcohol. 

CSrystak  having  the  same  ccmipoittion  were  deposited  ftom  a  secon- 
deiy  fraction  of  crude  ci|}eput-K>i]j  which  distilled  at  216^—230'' 
and  was  left  for  a  very  long  time  moist  and  exposed  to  the  air.  The 
crude  oil  mixed  with  nitric  acid  and  alcoliol,  cbanges,  in  the  course 
of  seven  or  eight  months,  into  a  black  heavy  liquid  in  which  crys- 
tals arc  suspended,  perhaps  consisting  of  the  hexhydrate.  The 
same  compound  appears  likewise  to  be  formed  in  beautiful  long 
prisms^  when  the  crystalline  mass  produced  bypassing  hydrochloric 
acid  gaa  into  reetifiM  oU  cf  eajeput  is  thrown  into  water  or  alcohol. 

Chloride  of  Cajputene,  C^oHjgCl^. — Produced  by  the  action 
of  nascent  chlorine  on  the  bihydrate.  When  the  portion  of  eajeput 
oil,  distilling  between  175°  and  178°  C,  is  mixed  with  very  dilute 
nitric  acid,  and  hydrochloric  acid  gas  is  passed  into  the  liquid,  a 
violent  action  takes  place  in  a  few  minutes,  yellow  and  red  fumes 
of  chlorine  and  nitfoua  gaa  being  evolved,  and  if  the  passage  of 
the  gas  be  continued,  chhunde  of  c«jputene  ultimatebr  sinks  to  the 
bottom^  as  a  limpid  brown  oil,  which  may  be  freed  from  adhering 
nitric  and  nitrous  acid  by  distillation  over  strong  potash-ley.  It 
has  a  fragrant  odour,  and  may  be  kept  for  any  length  of  time 
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witlioiit  alteration^  but  is  decomposed  by  distillation.  Boiled  with 
nitiate  of  nher,  it  detonatet  in  a  peculiar  maimer  and  fonns 
chloride  of  tilrer. 

Giystals  were  once  obtained  by  keeping  the  oil  at  a  loir  tempera- 
ttae,  but  not  in  sufficient  quantity  for  analyaia* 

MoNOHYDRocHLORATE  OF  Cajputenk.  C^Al ,f.,}{C\. — Obtained 


which  boib  at  160^ 

A  product  having  the  same  composition  is  obtained  by  treating 
the  bihydrochlorate  for  several  days  with  aqueous  or  alooholio 
potash  ;  but  its  odour  is  different  from  that  of  the  product  obtained 
by  simple  distillation  of  the  hydrochlorate!^  and  resembles  that  of 
pelargonio  ether. 

BiHTDRocHLOBATB  OF  Cajfutsne.  C^U^m^RCL — Obtained  by 
passing  hydrochloric  acid  gas  through  rectified  cajeput-oil^  mixed 
With  a  third  of  its  volume  of  alcohol  or  strong  aqueous  hydro- 
chloric acid.  Crystallises  from  alcohol  in  bcautifol  radiating  tufts. 
Melts  at  55''  C,  and  solidifies  again  at  30°.  It  has  no  taste  or  smell. 
By  dry  distillation,  it  gives  off  liydrncliloric  j^as  at  GO**,  and  splits 
into  several  fractions,  one  of  which  is  the  monohvdrochlorate.  Tt 
is  also  deprived  of  half  its  chlorine  by  heating  with  aqueous  or 
alcoholic  potash.  It  dissolves  sparingly  in  cold,  easily  in  boiling 
alcohol  or  ether. 

When  hydrochloric  add  gas  is  passed  through  rectified  oil  of 
cajeput,  kept  at  a  low  temperature,  a  violet  liquid  is  fiirmed  whidi 
in  10  or  15  minutes  solidifies  in  a  crystalline  mass.  This  crysl^* 
line  compound  is  extremely  deliquescent,  liquefying  rapidly  even 
when  pressed  between  blotting  paper  cooled  to  — 25°  C.  j  the  result- 
ing liquid  rapidly  gives  off  fumes  of  hydrochloric  acid,  and  is  com- 
pletely decomposed  by  distillation.  If  the  crystalline  mass,  imme- 
diately after  its  formation,  be  thrown  into  water  or  alcohol,  beautiful 
long  prisms  are  formed,  after  a  few  days^  apparently  consisting  of 
hexhydrate  of  cajputene. 

BaoMiDB  OF  Cajputene.  CjoHjgBr^. — Obtained  by  the  action 
of  bromine  on  oil  of  cajoput.  When  dry  bromine  is  dropped  into 
the  rectified  oil,  a  very  brisk  action  takes  place,  and  the  sides  of 
the  vessel  become  covered  with  yellow  needles,  which  however  soon 
disappear ;  but  if  the  addition  of  the  bromide  be  continued  till  the 
reaction  almost  ceases,  a  dark,  thick,  viscous  oil  is  formed,  which, 
after  several  weeks,  deposits  a  granular  substance.  By  boiling  the 
mixture  with  alcohol^  the  granular  substance  is  extracted ;  a  heavy 
oil  is  left  behind ;  and  the  alcoholic  solution,  on  cooling,  deposits 
bromide  of  cajputene  as  a  soft  crystalline  substance^  having  a  &tty 
lustre  and  much  resembling  cholesterin. 

Bromide  of  cigputene  melts  at  60*"     and  solidifies  again  at 
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By  dry  distillation,  it  yields  a  liquid  which  crystallises  again  in  the 
cooler  parts  of  the  retort.  It  is  not  altered  by  boiling  with  aqueous 
potash.    It  dissolves  in  ether  and  in  boiling  alcohol. 

Rectified  oil  of  cajeput  shaken  up  with  bromme-water  foxmn  a 
red  veiin,  from  which  a  solid  substance  separates  in  small  white 
prisms,  extremely  deliquescent  aud  rapidly  decomposing. 

Another  crystallised  bromine-cohipound  (probably  a  hydro- 
bromate  analogous  to  the  hydhodate)^  is  foimed  in  the  same 
manner  as  that  compound. 

Hydriodate  op  Cajputene. — a.  Aiiliydrous,  Q^Yi^^yYll. — Ob- 
tained by  adding  a  solution  of  phosphorus  in  bisulphide  of  carbon 
to  a  solution  of  iodine  and  oil  of  cajeput  in  the  same  liquid.  ErL^k 
action  then  takes  place,  the  Tessel  becoming  verv  hot;  red  oxide 
of  phosphorus  is  precipitated;  the  oily  liquid  becomes  reddish; 
and  gives  off  vapours  probably  oontsining  phosphunetted  hydrogen , 
and  if  left  to  itself  for  10  or  12  days,  deposits  crystals  of  the 
hydriodate.  The  reaction  probably  takes  place  as  r^resented  by 
the  equation  : 

SC^Hje  +  8PI  +  6HO  «  8CaoH„I  +  PH,  +  PO  +  PO. 

The  crystals  of  the  hydriodate  are  deposited  in  cells  like  those 
of  beehives,  and  possess  a  bladL  metallic  lustre.  They  are  soluble 
in  alcohol  and  in  ether,  aud  are  Tery  stable,  not  being  altered, 
even  by  boiling  with  potash. 

b.  Hydrated,  C^oH^glO  =  C^^U^^Yil  +  HO.,  or  Hydriodate  of 
Monohydrate  of  Cajputene,  C^n^^Oflil. — When  iodine  is  added  in 
small  quantities  to  cajeput  oil,  crude  or  rrrtificd,  at  ordinary  tem- 
peratures, no  visible  action  takes  place  (if  external  heat  be  applied, 
the  action  goes  too  far  and  nothing  but  a  viscous  mass  is  produced 
which  does  not  crystallise)  ;  but  on  stirring:  rather  constantly,  the 
action  is  assisted,  partly  by  the  heat  resulting  from  the  friction  of 
the  glass  rod,  partly  by  the  mechanical  distrtontkm  of  the  iodine, 
and  the  temperature  of  the  liquid  soon  rises  from  10^  to  40"*  C. 
The  addition  of  iodine  must  then  be  discontinued,  and  the  Yessel 
immersed  in  cold  water.  A  black  ctystalline  compound  then 
separates  after  a  short  time ;  and  on  separating  this  substance  ftom 
the  oily  liquid  by  filtration,  pressing:  it  between  blotting  paper,  and 
when  it  is  nearly  dry,  dissolving  it  in  alcohol  or  ether,  a  solution 
is  obtained,  from  which  the  hydrated  hydriodate  crystallises  in 
prisms  having  a  tine  yellow-green  colour  and  metallic  lustre.  They 
are  very  deliquescent,  and  melt  at  80*"  C.  into  a  liquid  which  does  not 
rectystallise  in  the  cold.  Potash-ley  liquefies  the  compound, 
'  abstracting  part  of  the  iodine^  and  with  the  aid  of  heat  abetracts 
the  whole. 

It  is  insoluble  in  water,  and  is  not  deoomposed  thereby;  Teiy 
soluble  in  alcohol  and  ether. 
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By  Frederick  FlelC 

On  adding  sulphate  of  copper  to  a  great  excess  of  solution  of 
sesquicarbonate  of  soda,  no  precipitate  is  obtained  until  a  consi- 
derable quantity  of  tlie  copper-salt  has  been  introduced.  Even 
then,  on  gently  warming,  tlie  small  precipitate  of  carbonate  of 
copper  is  dissolved,  forming  a  bright  blue  solutioii.  When  this 
liqiud  is  boiled  for  aome  time,  a  green  granular  precipitate  is 
obtained,  the  sopematant  liquid  stul  ludding  copper  in  solntion 
with  great  tenacity,  and  maintaining  its  dear  blue  colour.  If  the 
ebullition  has  not  been  continued  for  more  than  half  an  hour,  on 
filtering  the  liquid  fi-oni  the  precipitate,  the  former  is  found  to  be 
capable  of  dissolvinj;  a  furtlicr  quantity  of  copper,  which  is  preci- 
pitated as  a  greeu  powder  similar  to  the  last.  After  very  pro- 
tracted ebullition,  however,  the  filtrate  from  this  last  precipitate 
yields,  on  the  introduction  of  sulpliate  of  copper,  not  a  green 
powder,  but  one  of  a  dense  black  colour. 

CamposUkn  qf  the  Chrem  PrecysUate* — After  thoxon^  washing, 
the  green  compound  was  dried  on  a  water-bath  until  it  cnsed  to 
lose  weight,  and  the  copper  and  carbonic  acid  were  determined, 
the  wster  being  estimated  as  loss. 

I.  II. 

Ck>pjp6r  57*46  67-21 

Ohnonleacid  19*45  19-Sl 

This  compound  is  identical  in  composition  with  the  ordinary  green 
dicarbonate  and  malachite,  as  shown  by  the  following  numbers, 
which,  for  the  sake  of  comparison,  are  placed  in  juxtaposition 
with  the  results  obtained  in  the  analyns  of  a  fine  specimen  of 
pure  malachite  firom  the  west  ,coast  Africa^  and  lome  beaiu 
tiM  crystals  of  native  dicarbonate  of  copper  fiom  ChilL 


Qreen  Fzveipltato.  MaUebite.  OtjMl 

OaO          ,.           71-81               Tl-74  71-69  72-06 

CO2  lv»-45               19-68  19-80  19  S2 

HOU0S8)   ..        ..     8-74                 8-53  8'61  812 


100  00  100-00  100-00  lOS^ 

Con^lMfaUUm  ef  the  Biaek  jRrM^oto.— This  compound^  after 
bailing  with  the  strongly  alkaline  liquid  fat  a  camdaerahle  time^ 
was  washed  and  dried  in  a  water-bath. 
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On  analysis,  it  was  found  to  consist  of  4  equivalents  of  oxide 
combined  with  one  of  dicarbouatc  of  copper,  or,  which  is  the  same 
thing,  6  of  oxide  of  copper  and  1  of  carbonk  acid,  as  the  following 
numben  wiU  alioir : 

I.  11. 

CaO  91-42  81-39  M-eO 

00^  .«  9'U  8-01  840 

Veiy  long  protracted  boiling  of  the  alkaUne  fiqmd  waa  neceasaxy 
to  convert  this  compoiind  into  oxide  of  copper.  Suspended  in 
pnre  bonfing  water,  it  is  decomposed  in  a  few  minutes. 

When  powdered  nudadnte  is  introduced  into  boiling  water,  the 
mineral  blackens  in  a  few  minutes,  and  after  half  an  hour's  brisk 
ebullition,  is  entirely  converted  into  black  oxide.  Artificially 
prepared  dicarbonate  suffers  the  same  reaction.  When  e(inivalent 
proportions  of  sulphate  of  copper  and  carbonate  of  soda  are 
dissolved  in  water,  the  ultimate  result  is  the  same,  although  much 
retarded  by  the  sulphate  of  aoda  in  aolution.  I  could  obtain 
no  deoompoBition  of  either  Hie  mineral  or  the  artificial  compoond 
in  a  boiling  solntion  of  chloride  of  sodium. 

When  sulphate  of  copper  is  gradually  added,  to  a  strong  solation 
of  carbonate  of  soda  an  immediate  blue  precipitate  occurs,  on  the 
addition  of  the  first  few  drops,  unaccompanied  by  cffenescnce, 
and  by  the  further  introduction  of  the  copper-salt,  no  more  pre- 
cipitation takes  place,  but  a  dark  blue  solution  is  formed.  When 
this  is  heated,  it  immediately  darkens,  owinir  to  the  formation  of 
a  black  powder.  The  addition  of  sulphate  of  copper  to  the  super- 
natant carbonate  of  aoda  eansea  a  mgbt  temporary  bine  colour 
which  is  almoat  inataiitaneooaly  chang^  into  tne  black.  Washed 
and  dried  this  substance  waa  round  to  contain : 

I.  II. 

OnO  91-49  91*52 
00      8-88  8-il 

and  thus  to  Kaye  the  same  composition  as  the  one  mentioned 
above^  via. :  4Cn0^2CnO,COs.  Tliia  highly  basic  carbonate  can 
be  boiled  with  carbonate  of  soda  for  many  honra  without  decom- 
position ;  suspended  in  pure  boiling  water  it  i's  speedily  decomposed* 
Action  of  Carbonate  of  Soda  upon  Dicarbonaieqf  Copper.  When 
a  solution  of  carbonate  of  soda  is  heated,  even  only  to  the  tem- 
perature of  120°F,  and  powdered  malachite  or  artificial  dicar])onate 
is  introduced,  decomposition  quickly  takes  place,  as  is  shown  by 
the  darkening  of  the  compounds.  An  evolution  of  carbonic  acid 
always  accompanies  the  reaction.  A  few  minutes  boiiiug  yields 
the  compound  4CuO^  2CuO,COy 

^  It  may  further  be  remarked  that  when  dicarbonate  of  copper 
either  artificially  prepared  or  as  malachite,  is  boiled  with  a  solution 
of  sesquicarbonate  of  soda^  it  is  dissolved  and  a  blue  solntion  ia 
formed  which  ia  not  decomposed,  after  loug  ebullition,  sesqui- 
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carbonate  of  soda  containing:  carbonate  of  copper  in  solution 
appearing  to  resist  the  action  of  heat  far  mure  strongly  than  it 
don  in  the  absence  of  the  latter  meta). 

When  sulphate  of  copper  la  added  to  a  mixed  aolation  of  a 
Besqnicarboiiate  and  sulphite  of  soda,  no  precipitate  is  formed. 
An  easy  and  safe  method  of  de-oaddation  consists  in  adding  a 
mixture  of  about  equal  parts  of  sesquicarbobate  and  sulphite  of 
soda  to  a  hot  solution  of  a  proto-salt  of  copper.  After  heating 
for  some  little  time,  the  introductioa  of  a  slight  excess  of  hydro- 
chloric acid  produces  a  solution  which  is  perfectly  colourless,  and 
gives  with  potash  the  ck  rir  orange  precipitate  of  the  suboxide,  and 
with  ammonia  no  bhic  shade  if  the  air  be  carefully  excluded. 
With  regard  to  the  precipitation  of  copper  from  its  Tsnous  saltsi,  as 
protoxide^  it  is  mack  better  to  employ  hypochlorite  of  soda,  than 
caustic  potash.  The  precipitate  subodes  more  quiddy,  uid  is 
infinitely  easier  to  wash. 
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CMtrilMttoM  tm  the  Mtototr  •rtiM  nosphsnw  Bmm 
By  AogastuB  William  Hofmaiiiiy 

[4Mf»eted  fkom  »  MiiM  of  p*pets  md  befim  the  Bojal  Sod«lj,  JtUM  81,  I860.] 

SECOND  H£MOIB. 

Theory  of  Diatomic  Bases,  Diphosphonium-Compounds, 

In  Bonreying  the  rich  har?e8t  of  disooveries  which  of  late  years 
have  rewarded  the  exertions  of  chemists,  with  reference  to  their 
general  effect  on  the  progress  of  the  science,  we  cannot  avoid 

recojn^izing  as  one  of  the  most  valuable  amongst  these  acquisitions, 
the  development  of  the  theory  of  polyatoTuic  compounds.  Seldom 
has  a  theory  diffused  a  clearer  lif^ht  on  ])roviously  established  facts, 
or  exerted  a  more  fructifying  and  inspirinj^  influence  on  tlic  labours 
of  chemists.  First  coming  into  notice  in  the  clas.sical  researches 
of  Graham  and  Lie  big  on  the  polybasic  acids,  and  afterwards 
extended  and  generalized  by  the  experiments  of  Gerhardt  and 
Williamson,  it  has  acquirod  in  Berthelot^s  beantiful  investi- 
gation of  glycerin,  a  new  field  of  discovery,  the  active  cultivation 
of  which  has  already  brought  to  maturity  a  great  variety  of  fruits. 
An  important  step  in  the  development  of  these  ideas  was  made 
by  II.  L.  Buff,  in  showing  that  dibroniide  of  ethylene  can  be  con- 
vci-ted  into  a  corresponding  sulphocyanate,  and  in  the  conclusions 
which  he  drew  from  this  observation,  until,  in  the  brilliant  experi- 
mental researches  of  Wurtz,  the  doctrine  of  polyatomic  com- 
pounds has  received  its  clearest  and  most  elegant  expression. 

Considering  the  untiring  activity  with  which  chemists  have 
devoted  themselves  to  the  study  of  the  polybasic  adds  and,  within 
the  last  few  years,  of  the  polyatomic  alcohols,  it  cannot  but  appear 
remarkable  that  so  little  attention  should  hitherto  have  been 
bestowed  on  the  poly  acid  bases.  It  is  true  that  we  are  already  in 
possession  of  many  valuable  observations  relating  to  these  bodies  ; 
but  they  are  isolated,  and  the  facts  which  they  have  established 
can  scarcely  be  looked  upon  as  more  than  accidental  acquisitions. 
Bcgarded  iu  the  scientific  sense  as  a  class,  and  in  their  relations  to 
other  groups  of  bodies,  the  polyatomic  bases  have  hitherto  been 
left  without  examination. 

Respecting  the  constitution  of  these  compounds,  and  the  con- 
ditions under  which  they  would  be  produced,  no  doubt  could  be 
entertained.  For,  as  from  a  single  molecule  of  water,  a  monatomic 
alcohol,  a  monobasic  acid,  or  a  monacid  base  can  be  produced, 
aeconliug  to  the  nature  of  the  monatomic  radical  by  which  the 
iiydrogen  is  replaced,  so  likewise  must  it  be  possible,  by  a  proper 
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selection  of  polyatomic  radicals  to  link  two  or  more  raolecnles  of 
wate  r,  so  as  to  form  one  molecule  of  a  polyarid  base,  just  as  the 
introduction  of  other  polyatomic  radicals  gives  rise  to  the 
formation  of  polyatomic  alcohols  or  polybasic  acida.  It  remained 
only  to  mibmit  Aeae  ideaa  to  the  test  of  experiment. 

Material  for  building  np  this  group  of  bodies  appeared  to  present 
iiadbf  unmistakeably  in  the  chlorine-,  bromine-,  and  iodinc-com- 
poonda  of  ethylene  and  its  homologoes.  Ua\Hng  soooeeded  some 
years  in  convertinpr  the  corrospon flings  ethyl-compounds  by 
the  action  of  aniinonia  into  the  mouacid  ctliyl-bascs,  1  was  justi- 
fied in  expecting  that  by  trratinpj  the  ethylcnc-conipounds  with 
ammonia,  diacid  bases  mijjht  hv  formed.  Respectinp:  sonic  of  the 
bodies  which  arc  produced  in  these  reactions,  invest ij^ations  had 
already  been  published  by  CloSs,^  and  more  recently  by  Natan- 
son^t  whose  molts  appeared  at  first  sight  to  give  but  little 
encouragement  to  any  such  attempt.  But  a  careful  examination 
of  these  researches  soon  con\'inced  me  that,  at  the  time  when  they 
were  undertaken,  chemical  knowledge  had  not  sufficiently  advanced 
to  afford  a  correct  interpretation  of  the  rcf^ults  elicited. 

I  have  once  more  studied  these  relictions,  and  have  obtained 
experimental  confirmation  of  the  correctness  of  my  anticipations. 
But  the  action  of  ammonia  on  tlie  chloride,  bromide,  and  iodide  of 
ethylene  presents  unexpected  complications,  quite  independent  of 
those  indicated  by'  theory,  and  for  which  I  was  not  altogether 
prepared. 

Consider  for  a  moment  the  manner  in  which  the  reaction 
between  ammonia  and  a  diatomic  bromide— dibromide  of  ethylene 
for  instance — ^may  take  place.  Just  as  bromide  of  eth^l^  acting, 
as  it  does,  on  a  sinirle  molecule  of  ammonia,  gives  nse  to  the 
formation  of  the  four  bromides, 

[(C,H,)  H3N]Br,t 
.(C,H,),H,N]Br, 
(02115)311  N]Br, 
and[(C,H,)4  N]Br, 
so  likt  wise  may  dibromide  of  ethylene,  acting  on  two  molecules  of 
ammonia,  be  expected  to  produce  four  diatomic  bromides,  viz. — 

[(C.,H4)"  HgN.l'-Br^, 

[(C2li;).;'UX]  "1^1-2. 
:(C,I1,)3  H^N^l'-Br^ 

and  [(C^Hj;-  NJ-Br^. 

These,  however,  are  by  no  means  the  only  compounds  which,  in 
accordance  with  our  present  conception  of  diatomic  oomponnds^ 
may  be  formed  in  this  reaction. 

It  appears  from  the  researches  of  Wurtz,  that  dibromide  of 
ethylene  does  not  pass  into  ethylene-alcohol  at  a  single  bound,  but 

*  IiHlIt  1868p  p  SIS.  t  Aim.  Ch.  Pharm.  zcii.  45,  and  xcviii.  291. 
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tliat  there  exists  an  intermediate  member  of  the  lerieft  vtiU  con- 
taining half  the  bromine. 

(C^J"{^        (C,HJ-'  II;,  (W'{ho 

Dibromide  of  Intermediate  Ethylene 

Ethylene.  Bromide.  alcohol. 

Tlicrc  could,  tlieroforo,  be  no  doubt  tbat  dibromide  of  ethylene 
would,  under  certain  conditions,  likewise  react  with  ammonia  as  a 
inonatomic  compound,  pving  rise  to  another  series  of  bodies  in 
whicli  the  hydrogen  would  be  more  or  lesu  replaced  by  the  mon- 
atomic  radical  Cjll^Br,  viz. — 

[(C.Jl.iii)  II.,N]Br, 

[((';ii;Br)2H>']Br, 

and  [(C,H4Bir)4  N]Br. 

Further,  if  the  reaction  took  place  in  presence  of  water,  it  was 
to  be  expected  that  the  bromine,  wholly  or  partially  eliminated  as 
hydrobromic  add,  would  be  replaced  by  the  molecular  residue  of 
the  water;  and  thus,  independently  of  any  mixed  compounds  con* 
taining  bromine  and  oxygen,  a  series  of  ssdts  might  be  looked  for, 
in  which  a  molecule  O^^O^OJAfi  would  enter  monatomically, 
▼ia. — 

[(C,II,0)  Il3N]Br, 

[(C.,!l,0).,H,NlBr, 

.  [(c;ii,0);irNjBr, 

and  [(C^HsO),  N]Br. 

Lastly,  remembering  the  tendency  exhibited  by  ethylene-eom- 
pouuds  to  resolve  themselves,  in  ])respnce  of  alkalies,  into  vinyl- 
compounds,  it  appeared  not  improbable  that  a  i'ouith  series  of 
bodies  would  likewise  be  formed,  Tie. — 

[(an,)  H3N]Br, 
[(C;iL),H,N]Br, 
[(CaH3)3H  NIBr, 
and[(C,H,)4  NjBrj 

and  thus  was  presented  the  not  very  inviting  problem  of  separating 
firom  a  great  mass  of  bromide  of  ammonium,  no  fewer  than  sixteen 
different  bases. 

In  the  experiments  on  the  action  of  dibromide  of  ethylene  on 
ammonin  nnd  its  homologues,  which  I  intend  to  publish  in  a 
sjn^rial  paper,  1  have  indeed  by  no  means  met  with  the  whole  of 
these  compounds;  but  in  place  of  the  deficient  members  of  the 
groups,  new  products  have  mafle  their  appearance,  whose  forma- 
tion iu  the  present  state  of  our  kuowledge  could  scarcely  have 
been  predicted.  Without  entering  into  details  respecting  those 
products,  I  will  merely  observe  that  I  was  induced,  by  the  compli- 
cation of  this  reaction,  to  sulject  dibromide  of  ethylene  to  the 
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action  of  ethylamine,  dietbylAmiae^  and  finaDy  of  triethjrlamuie 
instead  of  ammonia ;  for  it  could  not  be  doubted  tbat  with  the 
progresflive  substitution  of  ethyl  for  the  hydrogen  in  ammonia,  the 
process  would  be  simplificd,  the  number  of  possible  products  of 

reaction  being  considerably  diminished.  Ammonia  indeed — 
omittiiio:  secondary  products — is  capal)k5  of  producin":  not  less 
than  sirtccn  compounds,  wliereas  ethylamine  cannot  yield  more 
than  hnelve,  diethyhimine  not  more  than  eight,  and  in  the  re- 
action between  trictlivhimine  and  dibromide  of  ethylene,  the  number 
of  compounds  possible  under  the  most  &yourable  circumstances  is 
limited  to  four*  Experiment  has- verified  this  anticipation ;  in  the 
same  proportion  as  the  substitution  advances  in  the  ammonia  sub* 
mitted  to  the  action,  the  number  of  products  generated  diminislies; 
nevertheless  the  experiment  with  triethylaraine,  from  which  1  had 
expected  the  simpk^st  and  clearest  solution  of  my  problem,  did  not 
entirely  satisfy  me,  inasuuieh  ns  I  ilid  not  succeed  in  obtaining 
more  than  three  of  tlie  compounds  out  of  the  four  wliich  arc  indi- 
cated by  theory.  It  was  not  indeed  till  I  repeated  the  experiment 
in  the  phosphorus-scries,  using,  instead  of  triethyiamme,  the  cor- 
responding phosphorus-base,  that  I  succeeded  in  obtaining  all  the 
compounds,  and  that  the  results  appeared  as  the  pure  expression 
of  theory,  undisturbed  by  acddental  products.  In  its  reaction  with 
dibromide  of  eth}  lene,  the  sharply  defined  characters  of  triethyl- 
phosphine  exhibit  themselves  with  welcome  distinctness;  and  in 
the  produets  resulting;  from  the  action,  the  peculiar  relations 
between  monatomic  and  diatomic  bases  become  perceptil)le  with  a 
degree  of  clearness  and  generality,  such  as  I  ha\e  never  observed 
in  any  similar  reaction  anion?:  bodies  of  the  nitrogen-series.  It  is 
the  smoothness  of  these  reactions  which  renders  it  desirable  to 
oommence  an  account  of  a  more  general  investigation  of  the 
diatomic  bases  with  a  description  of  the  bodies  belonging  to  the 
phosphorus-series. 

fiTHTLBMB-GsOUP. 

Actum  of  Dibromide  of  Ethylene  on  TViethylphosphine, 

When  these  two  bodies  are  brought  together  in  quantities  not 
too  large,  the  liquid  becomes  turbid,  but  no  rise  of  temperature 
takes  place  to  indicate  the  occurrence  of  eliemieal  action.  The 
mixture,  after  being  left  to  itself  for  a  few  houis,  deposits  white 
cry  stals,  the  formation  of  which  continues  till  the  entire  liquid  is 
converted  into  a  white  saline  mass.  If  the  mixture  be  even  gently 
heated,  the  crystallization  takes  place  instantaneously,  and  a 
violent  reaction  sets  in,  which  is  very  apt  to  project  a  portion  of 
the  resulting  salt  from  the  vessel.  In  operating  on  rather  a  laige 
scale  in  vessels  tilled  with  air,  tlie  heat  evolved  on  agitation,  in 
consequence  of  the  oxidation  of  the  phosphorous- base,  is  often 
sufficient  to  start  the  reaction. 
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la  preparing  considerable  quantities  of  tlie  white  crystals,  I  have 
therefore  found  it  convenient  to  add  to  the  triethylphosphine  twice 
its  volume  of  ether,  to  mix  the  ethereal  solution  with  the  dibro- 
mide  of  ethylene  in  a  flask  filled  with  carbonic  acid  gas,  and  to 
heat  the  mixture  in  a  water-bath,  the  flask  being  provided  witli  an 
inverted  cooling  apparatus^  so  that  the  vapours  which  escape  may 
be  condensed  and  rehinied.  Or,  the  mixture  of  triethylpbosphine^ 
dibiomide  of  ethylene  and  ether  may  be  introduoed  into  Jong  tubes 
previoosly  drawn  out,  and  the  tubes,  afti^r  scaling,  immersed  for 
some  hours  iu  boiling  irater*  As  the  value  of  di  bromide  of  ethy- 
lene is  trifling  in  comparison  with  that  of  triethylphosphine,  T 
always,  in  commencing  the  study  of  this  reaction,  used  the  former 
substance  in  excess.  The  triethylphosphine  is  quickly  fixed  by 
the  dibromide  of  ethylene,  and  the  action  may  be  considered  as 
terminated  when  the  presence  of  the  free  pliosphorus-base  iu  the 
mixture  is  no  longer  indicated  by  disulpbide  of  carbon.  As  soon 
as  this  point  is  attained,  the  erystalline  bromides  may  be  thrown 
on  a  filter,  the  ether  allowed  to  drain  ofi;  and  the  crystals  freed 
from  excess  of  bromide  of  ethylene  by  washing  them  for  a  while 
with  anhydrous  ether,  in  which  they  are  quite  insoluble. 

The  crystals  thus  obtained  dissolve  with  great  facility  in  water 
and  in  ordinary  alcohol,  somewhat  less  readily  in  boiling  absolute 
alcohol.  This  solution  on  cooling  deposits  well-developed  crystals, 
which  sustain  a  heat  of  100°C  without  decomposition,  but  show  a 
slight  tendency  to  deliquesce  in  the  air.  The  analysis  of  these 
crystala^  and  their  behanonr  with  reagents,  showed  nnmiatakeably 
that,  in  t&e  action  of  dibromide  of  ethylene  on  triethylphosphine, 
at  least  two  bromides  sre  formed.  The  determination  of  the 
bromine  by  means  of  nitrate  of  silver  in  the  products  of  different 
preparations,  purified  by  sncoesdve  crystallizations  from  alcohol, 
gave  percentages  of  bromine  varying  from  82- 1  to  25*94.  On 
again  repeating  tlie  crystallization,  the  anumnt  of  bromine 
precipitated  by  nitrate  of  silver  did  not  exhibit  any  further  dimi- 
nution. 

The  complete  analysis  of  the  crystals,  purified  by  a  great 
number  of  oiystaUisations  from  alcohol,  has  led  me  to  the  simple 
expression 

CeHigPBr^jSs  CjjHijP + C^H^Br^ 

whence  it  appears  that  the  body  is  produced  by  the  combination 
of  one  molecule  of  triethylphosphine  with  one  molecule  of  the 
bromine-compound. 
The  pozification  of  the  second  substance,  yielding  with  nitrate 

of  silver  a  larger  proportion  of  bromine,  which  remains  in  tlie 
mother-liquor  of  the  compound  just  described,  is  somewhat  com- 
plicated. ^\js  1  shall  have  to  return  to  tliis  body  in  the  description 
of  the  individual  compounds,  I  content  myself  in  this  place  with 
just  setting  forth  the  general  character  of  the  reaction  by  quoting 
the  fimnula  deduced  from  its  examination.   The  analysis  of  this 
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bromine-compound,  together  with  those  of  a  whole  series  of  bodies 
derived  from,  it^  lias  led  to  tlic  formula 

C,,H3,P,Br,  =  2C,n,,V  +  C,U,Br„ 
showing  that  the  body  is  a  compound  of  two  molecules  of  triethyl- 
phosphuie  and  one  molecule  of  aibromide  of  ethylene. 

These  obaervatioiiB  are  sufficieiit  to  establish  the  peculiar  nature 
of  the  reaction  in  question.  There  are  clearly  two  successive 
phases  to  be  distinguished,  according  as  the  bromide  of  ethylene 
lays  hold  of  one  or  two  molecules  of  tricthylphosphine ;  secondary 
products  may  likewise  be  formed,  which  for  the  present  may  be 
left  out  of  consideration,  as  1  sliall  liave  to  allude  to  them  in  tlie 
course  of  the  memoir.  It  is,  however,  worth  while  to  mention  in 
this  place  that,  when  the  experiment  is  nuule  with  pure  substances, 
aud  under  the  couditiou^  above  mentioned,  the  two  bromides 
described  are  almost  the  only  products  of  the  reaction. 

These  two  bodies  have  become  the  starting-points  of  two  exten- 
nve  groups  of  compounds,  which  may  even  now  be  distinguished 
as  the  series  qfmonaiomie  compounds,  and  the  series  qf  d^onUe 
compounds. 

I  iHHv  ])roceed  to  the  detailed  description  of  the  individual 
members  of  these  series. 

Sekies  op  Monatomic  CoMPOUxns.  Moxofhosfhonium- 

COMPOUNDS. 

Salts  qf  Bromeihyl'hiethylplui^homum, 

Bromide  of  BromeihyUtrkihylphosphoidm. — ^By  this  long  name 
I  designate  the  crystalline  substance  which  is  produced  by  the 

union  of  one  molecule  of  dibromide  of  ethylene  and  one  molecule 
of  triethy^ihoephine.    The  preparation  of  this  compound  has 

aln^uly  been  given  in  the  preeediiijr  parn graph.  It  is  the  chief 
product  of  the  reaction  when  the  dibromide  of  ethylene  is  in 
excels. 

The  equation 

CaH.Br^  +  C^ll^^V  =  C^U.^VBr^ 
requires  about  1  toI.  of  dibromide  of  ethylene  to  1*5  voL  of 
triethylphosphine ;  but  even  when  a  lai^er  quantity  of  the  bro- 
mine-compound is  heated  with  the  phosphorus-base,  either  in 
presence  or  absence  of  ether  or  alcohol,  we  always  obtain  an 
appreciable  quantity  of  the  second  bromide.  It  is  only  by  allowing 
an  immemo  excess  of  dibromide^  to  net  at  the  commnn  temperntttre 
upon  triethylpliosphine,  cither  m  presence  or  absence  of  ether, 
that  the  formation  of  the  second  bromide  is  altogether  avoided. 
In  this  reaction,  which  i'«  not  conipletv  m  less  than  twenty-four 
hours,  a  considerable  quantity  of  gaij  is  evolved,  wliich  does  not 
appear  when  the  subatsncea  are  heated  together. 

To  purify  the  product,  which  contains  appreciable  quantities  of  the 
second  bromide,  it  is  necessary  to  crjrstaAise  it  at  least  three  or 
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four  times  from  absolute  alcohol;  in  the  last  crystallization  it  ii 
desirable  to  mix  the  aloobglic  lolutioii  with  a  moderftte  quantity  of 
ether.  The  solutioD,  if  left  to  itself,  frequently  deposits  separate 
well-dcfiiu  (1  crystals,  which  may  be  dried  without  decompositioii 
at  100'",  and  which  melt  at  about  235"  C  with  partial  deoompositumy 
hydrobromic  acid  being  abundantly  evolved. 

A  simple  experiment  showed  tliat  nitrate  of  silver  precipitates 
from  this  compound  only  part  of  the  bromine.  When  the  liquid 
filtered  from  the  precipitated  bromide  of  silver  was  mixed  with 
carbonate  of  sodium,  to  remove  the  excess  of  silver,  and  evaporated, 
the  residue,  when  ignited  with  lime  and  dissolved  in  nitric  acid, 
gave,  on  addition  of  nitrate  of  silver,  a  fresh  quantity  of  bromide 
of  silver.  I  therefore  endeavoured  to  obtain  the  entire  quantity 
of  bromine  by  nuans  of  recently  precipitated  oxide  of  ffllver^  a 
process  which  I  had  previously  found  serviceable  in  similar  cases. 
The  result  confirmed  my  anticipation.  Digestion  with  oxide  of 
silver  removes  the  ^vliole  of  the  bromine,  and  shows  that  the 
quantity  precipitated  by  nitrate  of  silver  is  only  half  the  total 
amount. 

The  analysis'!'  of  this  substance  led  to  the  formula,  already  quoted, 

the  interpretation  of  which  presents  no  diflSculty.  The  crystals 
are  evidently  the  bromide  of  a  monophosphonium  in  which  3  eqs. 
of  ethyl  are  substituted  for  3  equivs.  of  hydrogen,  the  last 
equivalent  of  hydrogen  being  replaced  by  a  secondary  radical, 
CgH^Br,  wliich  for  the  present  I  will  call  numobrominaUd  ethyl 
or  hromtthyl. 
The  molecular  formula 

[(C,H,Br)  (C,H,)3P]  Br 

represents  the  constitutiuu  of  this  salt. 

I  have  already  observed  that  this  bromide  is  occasionally  obtained 
in  well-defined  crystals.  They  were  examined  by  Quint ioo 
Sella: 

'*  System  monometrio  (regular). 

The  crystals  exhibit  the  form  of  the  rhombic  dodecahedron  110 
.(Fig.  28).:(  The^  are  sometimes  elongated  so  as  to  present  the 
aspect  of  dimetric  crystals^  as  in  Fig.  29.  Sometimes  it  even 
happens  that  one  of  the  &oes  1 1  0  is  muoh  more  developed  than 
the  parallel  face  110  (Fig.  80),  so  that  scarcely  more  than  half 
the  crystal  (Fig.  29)  appears  to  exist.  Sometimes  the  faces  exhibit 
strim  paraUel  to  the  adjacent  edges  of  the  rhombic  dodecahedron. 

*  T}ie  (letAils  of  the  analytical  (1ctorniiii;ition  are  given  in  ibe  origfanl  pi^m 
pnbliiiUed  in  the  Pliilosophioal  TraoBactioua  fur  1860. 
tH-1 ;  0-lS;S-82;  C-IS. 

t  Tlic  fi^^urcs  arc  numbered  conaccutively,  with  that  in  T)r.  HoAasnn't  foimor 
paper  ou  the  phosphorus  baitos,  vol.  ziii,  p.  289,  of  this  Journal. 
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Fig.  28.  Feb.  29.  Fig.  80. 


Lustre  fatty. 

Hardness  inferior  to  that  of  gypsum. 

The  crystals  have  no  action  on  polarized  light.'' 

By  treating  tiie  bromide  with  Bilver-aalts  iii  the  cold^  the  bromine 
external  to  thiB  phosphonium-metal  is  replaced  by  the  acid-radical 
united  with  the  silver,  while  the  bromine  belonging  to  the  phos- 
phonium  remains  untouched.  In  this  manner,  wo  obtain  the  salts 
of  the  new  metal,  which  exhibit  an  inclination  to  unite  with 
excess  of  the  silver-salts,  in  the  form  of  double  compounds.  The 
chloride  and  the  nitrate  prepared  from  the  bromide  by  the  action 
of  chloride  and  nitrate  of  silver  are  extremely  soluble  in  water 
and  alcohol,  and  crystallize  indistinctly.  The  sulpkute  forms  long 
white  crystalline  needles,  likewise  very  soluble  in  water  and 
alcohoL  It  is  very  easily  obtained  by  the  action  of  sulphuretted 
hydrogen  on  the  double  salt  which  is  formed  by  treating  the  bro- 
mide with  sulphate  of  silver ;  on  adding  alcohol  and  ether  to  the 
OOncentrated  liquid  containing  free  sulphuric  acid,  it  is  precipitated 
in  cri'stals.  The  sulphate,  treated  with  iodide  of  barium,  yields 
the  iodide,  a  salt  which  dissolves  sparingly  in  water,  and  crystallizes 
iu  scales  of  a  pearly  lustre. 

I  have  not  examined  these  salts  more  particularly,  as  they 
scarcely  present  any  theoretical  interest,  and  as  the  composition 
of  the  bromide,  which  ibrms  the  starting-point  of  the  series,  is 
sufficiently  corroborated  by  the  analysis  of  the  platinum*  and  gold- 
salts. 

PhHnum-'Salt. — The  chloride  obtained  by  digesting  the  bromide 
with  excess  of  chloride  of  silver  is  mixed  with  dichloride  of  plati- 
num, when  the  platinum-salt  is  deposited  on  cooling  in  light 
oraii<;('-yellow  prisms,  frequently  an  inch  in  length.  This  salt  is 
somowliat  sparingly  soluble  in  cold,  more  readily  in  boiling  water, 
and  may  be  crystallized  without  decomposition.  During  the  re- 
crystallizations,  this  salt,  under  circumstances  not  yet  clearly  made 
out,  is  oocasioimlly  obtained  in  crystals  of  an  octahedral  habitus. 

This  nlatinum-salt,  though  somewhat  sparingly  soluble,  is 
nevertheless  essentially  different  from  the  platinum-salt  of  the 
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diphosphonium  to  be  described  hereafter,  which  accompanies  the 
bromethyltricthyl-phosphonium.  The  latter  is  nearly  insoluble  in 
water,  and  is  precipitated  from  the  most  dilute  solutions.  This 
character  forms  a  means  of  testing  the  purity  of  the  monophos- 
^uxnimn-braniide  in  the  taooessiou  of  orystallizatioiis  to  which  it 
has  to  be  submitted  for  the  sake  of  purificatioii.  The  salt  is  pure 
when  the  dilute  solution  after  being  treated  with  chloride  of  silver, 
no  longer  gives  a  precipitate  with  d^hloride  of  pLatinum. 

The  platinum  salt  contains  : — 

Cyii.Hr  P  Pt  CI3  =  [(C^HJir)  [(C^IIg),?]  CI,  Pt  CI,. 

The  crystaUiue  form  was  Ukewise  determined  by  Uuiutino 
Sella. 


Fig.  81. 


"  System  monoclinic : — 
100,  101«56'*59';  001,  101,s 
83°3'j  010,  111«60^87'. 

Forms  observed:— 

100,  010,  110,  101,  101,  on, 

111,  111,  211  (Fig.  81). 


Fife.  32, 


1^.88. 


Fig.  84. 


Combinations  observed : — 

110,  Oil,  100;  101,  101  (Figs.  32,  33). 

110,  Oil;  100,  111,  101  (Fig.  34). 

110,011;  100,  "111,  101,  211  (Fig.  35). 

110,  111;  100,    101,  Oil,  111  (Fig.  3(0. 

110,  Oil,   100,   111;  101,  111,  211  (Fig.  37). 

110,  Oil,  100;  010,  Oil,  101,  211  (Figs.  38,  39). 
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Fig.  86.  Fig.  36. 


The  faces  Oil  are  often  very  irrej^ularly  developed,  as  seen  in 
Figs.  32,  33,  and  38,  39 ;  under  these  circumstances  some  of  the 

fares  of  the  forms  111,  111^  211  are  apt  to  disappear^  as  may 
be  seen  in  Figs.  38  and  39. 


Fig.  37.  Fig.  as.  Fig.  89. 


Cleavages :  1  0  0,  110. 

Colour  :  orange  with  a  tint  of  yellow  in  minute,  and  of  red  iu 
larger,  crystals. 

The  plane  of  the  optical  axes  is  parallel  to  the  axis  of  synnnutry 
[0  1  0]  :  for  rin^  are  observed  across  the  feces  of  the  prism  110 
symmetrically  with  [0 1 0].'* 

GoPisaU, — ^Light  yellow  needles,  difficultly  soluble  in  oold 
water,  recrystalHzable  from  boiliog  water,  contaimng 

C,H,,Br  P  Au  C\  =  [(C,H,Br)  (OaHJ,?]  CI3,  Au  CI3. 

I  have  in  vain  endeavoured  to  prepare  the  hydrate 

belonging  to  these  salts. 
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In  qiiotinj^  the  analysis  of  thn  bromide,  I  Imvc  already  mentioned 
that  this  salt,  when  treated  with  oxide  of  silver,  gives  up  the  wliolc 
of  its  bromine.  On  niixin":  the  canstic  liquid  filtered  from  the 
silver-salt  with  hydrochloric  acid  and  dicliloride  of  platinum,  we 
no  lon^  obtain  the  sparingly  soluble  platinnm-doable  salt  crvital- 
in  the  characteristic  needles ;  but  the  liauid,  after  beuiK 
considerably  concentrated  by  evaporationi  yietda  well-defined] 
reddish-yellow  octahedra  belonging  to  another  base.  An  exactly 
similar  result  is  obtained  on  attempting  to  separate  the  base  from 
the  sulphate  by  means  of  baryta.  After  filtering  off  the  sulphate 
of  barium,  there  remains  a  strongly  alkaline  liqtiid,  which  likewise 
yields  only  the  octahedral  platinum-salt,  while  the  presence  of 
bromide  of  barium  in  the  solution  indicates  the  transformation  of 
the  original  molecular  system.  The  elimination  of  the  second 
equiyaloit  of  bromine  by  gQyer-aalts,  which  takes  place  instantly 
and  completely  in  alkanne  liquids,  may  likewise  be  effected  by 
continual  ebullition  in  neutral  and  even  in  acid  solutions,  though 
always  slowly  and  incompletely.  If  the  bromide  be  precipitated 
by  excess  of  nitrate  of  silver,  the  filtered  liquid,  on  being  boiled 
and  evaporated,  deposits  a  fresh  quantity  of  bromide  of  silver;  but 
in  most  cases,  even  after  long-continued  boiling,  a  considerable 
quantity  of  broiiiiue  remains  latent,  and  may  be  immediately 
recognized  by  again  filtering  the  liquid  and  slightly  supersatu- 
rating it  with  ammonia,  the  whole  of  the  remaining  bromine 
being  then  precipitated  as  bromide  of  sUver.  This  deportment 
furnishes  in  met  a  characteristic  distinction  of  the  bromethylated 
bromide,  by  which  this  substance  may  often  be  conmiiently 
recognised.  It  deserves  to  be  remarked  that  the  fixed  canstic 
alkalies  exert  but  a  slight  action  on  the  brometliylated  bromide  ; 
the  compound  is  precipitated  by  the  alkalies  from  its  coid  aqueous 
solution  in  the  crystalline  state  and  without  decomposition,  and  it 
is  only  after  some  time  that  tdterations  take  place,  probably  aflcct- 
ing  its  intimate  constitution.  The  nature  of  these  alterations  has 
not  yet  been  made  out.  The  crystals  may  be  boiled  for  some  time 
with  alcoholic  solution  of  potasaa  without  decomposition.  The 
bromide  likewise  suffers  no  alteration  by  continued  digestion  with 
water  or  alcohol  at  100". 

Salts  or  OxETUYL-XAIETHTLFHOSrHONIUM. 

Iodide. — "When  the  caustic  liquid  produced  by  .txeating  (the 

bromide  of  bromethyl-triethylpliosjdionium  with  oxide  of  silver  is 
neutralized  with  hydriodic  acid  and  the  solution  evaporated,  an 
iodide  is  obtained  whieh  crystallizes  in  needles,  and  dissolves  very 
readily  in  water  and  alcohol.  The  finest  crystals  are  obtained  by 
mixing  the  alcoholic  solution  with  ether  till  it  becomes  opalescent, 
and  then  allowing  it  to  crystallize.  If  too  much  etlier  has  been 
added^  the  new  iodide  is  precipitated  as  an  oil,  which  sohdifies  but 
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slowly  to  a  crystalline  mass.  The  salt  becomes  coloured  at  100**, 
aud  must  therefore  be  dried  for  amdysis  in  vacuo.  It  was  found  to 
contain 

CgH^OPI  »  [(C,H,0)]  (C,II,)3P]I. 

The  trangfovmalaon  of  tlie  bromethylated  pliosphoninm  takes 
place,  therefore,  exactly  as  might  be  exjjectea  firom  analogy,  the 
bromine  being  diminated  as  bromide  of  silver,  and  its  place  being 
taken  by  the  molecular  residue  of  the  water 

[(CaH^Br)  (CjHOaPlBr + Ag^OH-  Hp«2AgBr+ 

[(C,1I,0J  (C.lI^jat^J  o. 

Hydrate, — The  caustic  solntion  of  the  oxide  exhibits  the  usual 
characteristic  propertiies  of  this  class  of  bodies.  Over  sulphuric 
add,  the  solution  thickens  to  a  syrupy,  extremely  deliquescent 
mass,  from  whi<di  the  base  separates  in  oily  drops  on  addition  of 
potana.  Its  decomposition  by  heat  is  characteristic ;  at  a  rather 
high  temperature,  it  is  resolved  into  oxide  of  triethylphosphiu^ 
ethylene,  and  water : — 

[(C,  H5  O)  (Ca  ^5)3^1  o  ^      11^)3  P  O  +  C,      +  H,  O. 

The  oxide  of  triethylphosphine  was  identified  by  the  preparation 
of  its  platinum*salt ;  the  ethylene,  by  converting  it  into  the 

bromide. 

The  above  equation  represents  the  final  result  of  the  action  of 
heat ;  this  final  result,  however,  is  preceded  by  several  intermediate 
changes,  to  which  I  shall  return  in  a  subsequent  section  of  this 
paper. 

Bromide. — ^Extremely  soluble.    Dries  up  over  sulphuric  add  to 

an  indistinct  crystalline  mass. 

Chloride, — This  compound  resembles  the  bromide  in  every 
respect.  Both  these  salts  readily  form  double  compounds  with 
iodide  and  bromide  of  zinc.  The  chloride,  under  the  influence  of 
pentabromide  and  peutachloride  of  phosphorus,  undergoes  remark- 
able transformations,  to  which  I  shall  presently  recur. 

Perchlorate. — Laminae  somewhat  sparingly  soluble  in  cold  water, 

I  have  not  analysed  any  of  these  salts,  inasmuch  as  the  com* 
podtion  of  this  series  of  compounds  ia^  moreover,  suffidently 
established  by  the  analysis  cf  the  platinum-  and  gold-salt. 

Platinum-salt. — The  alkaline  solution,  from  which  the  iodide 
was  obtained,  yields,  when  saturated  with  hydrochloric  acid,  mixed 
with  dichloride  of  platinum,  and  evaporated,  the  above-mentioned 
platinum  salt,  containing — 

C,      O  P  Pt  Cla  =  [(C^      O)  (C,  H J.  P]  Ci,  Pt  Cl^. 

Tliis  salt  is  easilT  soluble  in  boiling  water,  and  may  be  reciys- 
tallized  without  decomposition.  It  forms  splendid  ootahedra, 
which  were  measured  by  duintino  Sella: 
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System  monometric 

Form  observed : — 

11 X  (Fig.  40.) 


No  sensible  mflaence  on  polarised  ligbt.   Colour  orange.*^ 
Gold  salt. — Golden*yellow  needles,  sparingly  soluble  in  cold^ 

readily  in  boiling  water  :  in  a  quantity  of  boiling  water  not  suffi- 
cient to  dissolve  them,  tliev  fuse  to  a  transparent  yellow  oil.  Not 
deeonipos;ed  by  recrystilUzation.  Precipitated  by  tricliloride  of 
gold  Ironi  a  mo  b  ratcly  conceutrated  solution  of  the  chloride. 
Analysis  led  to  tbc  formula  : 

1I«  O  P  Au  Ci^  =  [(C,      O)  (Ca  H,),  P]  CI,  Au  CI,. 

I  have  already  alluded  to  the  decomposition  whicli  the  chloride 

of  the  oxethylatcd  phosphonium  undcr;;oes  undcir  the  influence  of 
pentabroinide  of  phosphorus.  The  two  bodies  act  upon  one  another 
with  great  violence :  oxybromide  of  phosj)liorus  and  hydrobroraic 
acid  are  evolved,  and  the  residue  is  found  to  contain  tlie  chloride 
of  the  bromcthylated  phosphonium  from  which  the  oxethylated 
compound  was  originally  produced. 

[(CjH.O)  (C,H5)3l']  CI  +  PBr,= POBr3+ HBr)  + 
[(C,H,Br)  (C,H.),PJC1. 

Nothing  is  easier  than  to  obtain  experimental  proof  of  this 
transformation,  which  is  of  considerable  theoretical  interest. 
After  the  o\y bromide  and  the  excess  of  pentabromidc  have  been 
removed  as  completely  as  possible  by  evaporation,  the  remaining 
liquid  yields,  on  addition  of  dichloride  of  platinum,  a  sparingly 
soluble,  still  impure  platiuum-salt,  which,  after  washing,  may  bo 
decomposed  by  sulphuretted  hydrogen  and  thereby  purified.  If 
the  chloride  thus  formed  he  precipitated  with  excess  of  nitrate  of 
silver,  and  the  nitrate  of  the  bsse,  filtered  from  the  chloride 
of  silver,  be  mixed  with  ammonia  and  gently  heated,  a  copious 
precipitate  is  immediately  formed,  consisting  of  bromide  of  silver. 
This  reaction  is  characteristic  of  the  bromethvlated  bodv.  More- 
over,  on  mixing  the  solution  of  the  nitrate  freed  fnim  silver  with 
dichloride  of  platinum,  and  recrystallizing  the  platinum-precipitate 
from  boiling  water,  the  liquid  yields  on  cooling  the  splendid 
needles  of  Uie  platinum-salt  of  the  bromcthylated  triethylphos- 
phonium.  The  analysis  of  this  salt  was  omitted,  partly  because 
no  doubt  oould  be  entertained  respecting  its  nature^  and  partly 
because  I  had  occasion  to  establish  by  a  numbef^--^  will  be 


Fig.  40. 
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noticed  hereafter — the  nature  of  the  precisely  similar  reaction 
between  cliloride  of  oxethyl-triethylphospkouiuiu  and  pcuta- 
chldrideof  phosphorns. 

Thus  it  is  seen  that  tlie  molecnlar  g^ronp  C^H^O^  wUdi  is 
snppoBed  tp  replaee  the  -hydrogen  in  the  salt,  vmen,  under  the 
influence  of  pientabromide  of  phosphorus,  alterations  exactly 
similar  to  those  which  it  would  have  undergone  under  similar 
eircumstancrs  wlien  conceived  as  a  constituent  of  alcohol. 

If  we  consider  the  facility  with  which  the  bromctiiylated  phos- 
phonium  is  converted  into  the  oxethylated  compound  by  the 
action  of  oxide  of  silver,  and  the  simple  rc-formatiou  of  the  first- 
mentioned  body  by  means  of  pentabromide  of  phosphorus,  a  great 
variety  of  new  eiperiments  suggest  ihemselTes.  In  reviewing  the 
rdations  which  obtain  between  the  bromethjrlafted  and  oxethy- 
lated  phosphoninms,  who  could  fail  to  peioeive  that  the  two 
hydrogen-repladng  radicals,  which  constitute  the  difference 
between  these  two  organic  metals,  stand  to  one  another  in  the 
same  relation  as  bromide  of  ethyl  and  alcohol,  or  bromide  of  acetyl 
and  acetic  acid?  But  if  this  be  so,  what  a  number  of  new  bodies 
does  this  coivsideratioii  bring  into  view,  even  if  we  limit  our  calcu- 
latioTi  to  the;  trausformations  of  which  the  moleciilar  group  CjH^O 
■  in  alcohol  is  susceptible  !  As  yet  I  have  scarcely  penetrated  into  this 
new  field  of  inquiry,  and  I  must  be  satisfied  to  quote  a  single 
experiment,  which  exhibits  the  above-mentioned  bodies  in  a  new 
light. 

The  salts  of  bromethylated  and  oxethylated  triethylphos- 
phonium  may  be  regarded  as  tetrethylphosphonium  salts,  in  which 
an  atom  of  hydrogen  is  replaced  by  bromine  and  the  radical  H  O 
respectively : 

Bromide  of : 

Tetrethylphosphonium  .  .  .  [  C^HJI)  (C,II.)3PjBr, 
Bromethylated  tricthylphosphonium  [(C^l^Br)  (02115)3?]  Br, 
OxethyUted  triethylphosphonium  .  [(C^U^HO)  (CsHs^PJBri 

and  the  question  arose  whether  the  bromethylated  salt  might 
not  be  converted  by  a  simple  process  into  the  tetrethylphos- 
phonium-compound.  This  transformation  may  indeed  be  efiected 
without  the  slighest  difficulty.    On  acidulating  the  solution  of  the 

bromethylated  bromide  with  sulphuric  acid,  and  digesting  it  with 
granulated  zinc,  the  bromuic  is  eliminated  in  the  form  of  hydro- 
bromic  acid,  its  place  beiug  tilled  up  by  one  equivalent  of 
hydrogen : 

[(CjH^Br)  (CaH,),P]Br  +  2H=HBr  +  [(C^HJ^PJBr. 

By  decanting  the  Hqnid  from  the  excess  of  sine  and  treating  it 
with  oxide  of  silver,  oxide  of  sine,  bromine  and  sulphuric  add  axe 
removed,  and  a  solution  of  oxide  of  tetrethylphosphonium  is 
obtained,  which,  when  mixed  with  hydrochloric  acid  and  dichloride 
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of  platinuro,  yields  well-developed  octabedra  of  the  platinum-Bait 
of  tctrethylphosphoniiim. 

The  chloride  obtained  in  the  analysis  was  converted,  by  suc- 
cessive treatment  with  oxide  of  silver  and  hydriodic  acid,  into  the. 
corresponding  iodide.  This  characterotic  aalt  appeared  on  careful 
comparison  exactly  fimilar  to  the  iodide  of  tetrethylphosphoniom 
prepared  in  the  orainaiT'  wa^. 

Here,  then^  we  have  an  instance  of  the  direct  reproduction  of 
an  etiijl-compound  from  a  body  of  the  ethylene-group  by  a 
simple  process  of  reduction.  Similar  transformations  would 
doubtless  succeed  in  many  other  eases,  and  this  is  perhaps  a  fitting 
*  opportunity  of  directing  attention  to  the  interest  whicli  tlie 
employment  of  this  reaction  would  have  in  connection  with  the 
intermediate  hydrochloric  glycol-ether  discovered  by  Wurtz. 
Fkobably  this  compound,  when  anbjected  to  the  action  off  nascent 
hydrc^cn,  would  be  directly  converted  into  alcohol: 

(C,H«)"  {"^  -  C,H.C10, 

(W"  }^|P  =  C,H,0 ; 

and  when  considered  with  reference  to  this  decomposition,  would 

appear  as  monochlorinated  alcohol. 

It  was  chiefly  the  facility  with  which  a  tetrethylphosphoniura- 
compound  may  be  obtained  from  the  bromethylated  bromide  that 
induced  rac  to  designate  the  hydrogen-replacing  molecules 
CaH^Br  and  C^HgO,  which  we  meet  with  in  the  compounds  above 
describedj  as  bromethyl  mi  oaeelhyL  I  was  anxious  to  submit  the 
ideas  which  guided  me  in  the  selection  of  these  terms  to  the  test  of 
experiment.  "We  know  from  the  experiments  of  Regnault,  that 
dichloridc  of  ethylene  and  monochlorinated  chloride  of  ethyl  are 
essentially  different  bodi(^s ;  and  not  less  distinct  are  dibromide  of 
ethylene  and  monobrominated  bromide  of  ethyl,  which  I  have 
obtained  in  the  course  of  these  experiments  by  the  action  of 
bronunc  on  bromide  of  ethyl.  But,  on  the  other  hand,  the  allied 
members  of  these  tvvo  pairs  of  bodies  are  so  closely  related  to  each 
Other,  thaty  under  lihe  influmMW  of  poweslbl  reagents,  they  not 
unfirequently  yield  exactly  the  same  products  of  transformation. 
I  may  here  refer  especudly  to  an  interesting  experiment  of 
Beilstein,  who  has  shown  that  dichloridc  of  ethylene  and  mono- 
chlorinated chloride  of  ethyl,  when  treated  with  alcoholic 
potassa,  undergo  the  same  decomposition  :  both  these  compounds 
give  up  hydrochloric  acid,  being  converted  into  chloride  of  vinyl. 

The  denomination,  bromethyUtriethylphosjjhonium,  which  I  have 
adopted  for  the  metal  produced  by  the  action  of  dibromide  of 
ethylene  on  triethylphosphine,  involves  to  a  certain  extent  the 
assumption  that  this  oody  might,  under  fikTouraUe  carenautances, 
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be  produced  also  by  tbe  mutoal  actioii  of  triethylphosphine 

and  nionobrominatcd  bromide  of  ethyl.  In  a  subsequcut  chapter 
of  this  inquiry  I  shall  have  an  opportunity  of  showing  how  far 
this  assumption  is  established  by  experiment. 

SALTS  OP  VINTL-TBIBTHTLPHOSPHONIUH. 

In  tracing  the  history  of  the  salts  of  bromethyl-triethyl- 
phosphonium,  I  have  mentioned  that  tliesc  substances  lose  their 
latent  bromine>  though  slowly,  when  boiled  with  silver-salts.  I 

was  curious  to  ascertain  whether  tliis  reaction  involves  the  same 
metamorphosis  that  the  bro methylated  body  undergoes  under 
the  influence  of  oxide  of  silver. 

In  ihe  anhydrous  condition,  the  bromethylated  bromide  actn 
but  slowly  on  acetate  uf  silver.  lu  the  presence  of  alcohol  or 
water,  the  reaction  is  rapidly  accomplished  at  100**  C.  The  liquid 
filtered  from  the  bromide  of  silver  yields  no  further  precijntate  on 
addition  of  ammonia,  showing  that  the  whole  of  the  bromine  is 
eliminated.  When  evaporated  with  hydrochloric  acid,  the  liquid 
abundantly  evolves  acetic  acid.  After  sufficient  concentration,  it 
yields  with  dichloride  of  platinum  n  fine  octahedral  salt,  whicU 
may  be  purified  by  crystallization.    This  salt  contains  : 

C,H,8PPtCl3  =  [(C,Tl3)(C2ll5)3P]Cl,PtClo, 

It  is  thus  seen  that  the  action  of  silvcr-salts^ — at  all  events  of  acetate 
of  silver — upon  the  bromethylated  bromide  ditlers  from  that  of 
oxide  of  silver.  While  the  latter  gives  rise  to  the  formation  of  an 
oxethylatcd  phosphonium,  the  former  produces  a  phosphoretted 
metal  in  which  three  atoms  of  ethyl  are  associated  with  one  atom 
of  the  radical  CjH^,  which  may  be  termed  vinyl.  The  product^ 
then,  which  is  formed  by  the  action  of  acetate  of  silver  upon  the 
bromethylated  bromide  is  the  acetate  of  vinyl-triethylphos* 
phonium  : 

[(C^Br)  {Cfi^,V]Tit^2(^j^f\0  )=2AgBr  +C.H30jo+ 

[((■..IIJ  (C,H,),P]f 

I  have  been  satisfied  to  establish  the  formation  and  composition 
of  the  vinyl-compound  by  a  carefbi  and  freauently  repeated 
analysis  of  tbe  platinum-salt,  which  had  been  obtained  from  the 
products  of  four  different  operations.  The  salts  of  vinyl-triethyl- 
phosphonium  resemble  the  oxethylatcd  compounds.  I  have 
prepared  the  iodide,  which  ciystallises,  but  is  extremely  soluble^ 
even  in  absolute  alcohol. 

The  formation  of  the  vinyl-compound  was  observed  in  several 
other  processes,  which  may  here  be  briefly  mentioned,  althou«;;h 
I  must  state  at  oucc  that  the  experimental  evidence  ou  which 
these  observations  are  based  is  less  oondusive. 

The  oxethylated  compound  differing  from  the  vinyUtriethyl- 
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pbosphonium-Balt  simply  by  tbe  elements  of  one  molecule  of 

water,  which  the  latter  contains  less^  the  question  natorally  sug- 
gested itself  whether,  under  the  influence  of  heat,  the  oxethylated 
compound  might  not  be  converted  into  the  vinyl-body.  The 
results  of  two  experiments  appear  to  answer  this  question  in  the 
affirmative.  In  one  case,  the  bromide  of  bromethyl-triethyl- 
phosphonium  had  been  boiled  for  a  considerable  time  with  oxide  of 
silver.  In  another  experiment,  a  concentrated  solution  of  the 
oxetUyl&ted  base  was  evaporated  over  an  open  flame  until  a  very 
appreciable  quantity  was  entirely  decomposed.  In  both  cases, 
it  was  proved  by  analysis  that  the  ozewylated  base  had  been 
transformed  into  the  vinylated  compound.  In  a  third  ( \pcii- 
ment,  however,  in  which  the  temperatore  was  not  allowed  to 
rise  above  150**,  the  oxcthylated  compound  was  not  altered. 

The  vinyl -compound  appears  to  be  formed  also  by  the  action  of 
heat  upon  the  bromethylated  bromide : 

[(C,H,Br)  {C,U,),V]  Br  «:  [(C,H3)(C,H,)3P]  Br  +  HBr. 

Torrents  of  hvdrobromic  acid  are  evolved,  and  the  residue 
yields,  after  treatment  with  chloride  of  silver,  on  addition  of 
dichloride,  an  octohedral  platinum -salt.  The  decomposition  is, 
however,  completed  only  with  difficulty.  The  evolution  of  hydro- 
bromic  acid  continues  for  hours,  even  when  the  salt  is  kept  at  a 
temperature  (between  235®  and  250^,  at  which  considerable 
quantities  are  entirely  decomposed.  I  have  thus  been  prevented 
nrom  procuring  an  amoimt  of  the  salt  sufficient  for  its  identifica- 
tion with  the  vinyl-compound  obtained  by  the  action  of  acetate  of 
siJver. 

Yinyl-triethylpliosphonium-salts  are  formed  in  one  or  two  other 
rcactions,  which  will  be  noticed  in  subsequent  paragraphs  of  tliis 
inquiry. 

Sbmbs  of  Diatomic  Compounds.   Diphospbonivm  Compounds. 

SaUg  qf  Ethylene-hexethyl'd^hosphonium, 

Dibromide, — Tbe  occurrence  of  this  salt  among  the  products  of 
the  action  of  dibromide  of  ethylene  on  triethvlphosphine  has 
already  been  mentioned  in  the  introduction  to  the  experimental 
part  of  the  memoir.  On  bringing  together  the  materials  in  the 
proportions  indicated  by  the  equation 

that  is  to  say,  one  volnme  of  dibromide  of  etiiylene  and  tluree 
volumes  of  the  phosphorus-base,  the   diatomic    compound  is 
obtained,  nearly  in  the  theoretical  quantity.    It  is  distinguished 
VOL.  XIV.  n 


Digitized  by  Google 


90        A.  w.  HorH.uni'8  oohtbibutions  to  the 


firom  the  monatomic  product  of  the  same  reaction  by  its  much 
greater  solubility  even  in  absolute  alcohol,  from  which  it  separates 
only  after  almost  eoraplete  evaporaHon,  in  needles  which  are 
pcniiancnt  in  the  air.  In  ether  this  salt  is  insoluble,  as  are  in 
fact  most  of  the  bromides  of  the  p]H)sj)horns-bascs,  both  mona- 
tomic and  diatomic.  The  dil)ronii(h*  obtained  by  the  direct  action 
of  dibromide  of  ethylene  on  trictbylphosphine,  always  coutaius  a 
small  qnanti^  of  the  monatomic  bromide,  from  which  it  can  only 
be  panfied  with  great  difficnlty.  And  further^  if  the  dibromide  of 
ethylene  has  not  been  carefully  purified  from  adhering  hydro- 
bromic  acid,  the  resulting  salt  is  likewise  contaminated  with  traces 
of  the  extremely  soluble  hvdrobromate  of  the  phosphorus- base, 
the  presence  of  which  likewise  interferes  very  much  with  the 
purification  of  the  product.  Lastly,  the  formation  of  oxide  of 
triethylphosphine  can  never  be  entirely  avoided,  even  when  the 
operation  is  conducted  in  an  atmosphere  of  carbonic  acid.  To 
obviate  these  iucouveuiences,  the  comjjouud  submitted  to  analysis 
was  prepared  by  satnratiiig  the  hydrate^  to  be  presently  described^ 
with  bydrobromic  add. 

The  simple^it  expression  of  the  results  obtained  in  the  analysis  of 
this  compound  is  the  formula 

C,H,,PBr; 

its  formation,  however,  and  its,  deportment,  fully  to  be  discussed 
in  the  following  paragraphs,  prove  unmistakeahly  that  this  expres- 
sion must  be  doubled,  and  that  the  weif>:ht  and  composition  of  the 
molecule  of  this  body  is  represented  by  the  formula 

On  comparing  the  composition  of  the  two  bromides  which  are 
formed  from  dibromide  of  ethylene  by  the  fixation  of  one  or  two 
molecules  of  ti'iethylphosphine,  it  could  scarcely  be  doubted  that 
the  monatomic  compound,  eyen  when  already  formed,  must  still 
be  in  a  condition  to  take  up  the  second  molecule  of  triethylphos- 
phine, and  thus  to  pass  into  the  diatomic  bromide.  The  correct- 
ness of  this  supposition  is  easily  established  by  experiment.  The 
monatomic  bromide  acts  strongly,  even  at  ordinary  temperatures, 
on  a  fresh  quantity  of  the  phosphorus-base,  being  transformed^ 
with  evolution  of  heat,  into  the  diatomic  compound, 

CeHjaPBra  +  Cell^P  =  Cj^Ha^P^Br,. 

In  presence  of  alcohol  and  at  100^,  the  reaction  is  completed  in  a 
few  seconds.    With  lively  interest  have  I  followed  up  the  result 

of  this  simple  experiment :  for  its  success  ob^^onsly  pointed  to  a 
source  from  which  an  almost  incalculable  number  of  diatomic 
compounds  of  the  most  varied  composition  might  be  obtained. 


Digitized  by  Googlc 


HISTORY  OF  THE  PHOSPHOBUS  BA8S8. 


91 


For  this  reason  I  have  not  omitted  to  establish  bv  numbers  the 
conversion  of  the  monatomic  into  the  diatomic  bromide,  and  in 
the  following  sections  1  shall  have  frequent  occasion  to  quote 
results,  which  leave  no  •doubt  as  to  the  facility  of  this  trausfor- 
mation* 

The  molecnlar  oonstitation  of  the  new  hromide  ib  satiflfactonly 
represented  by  the  formnla 

C„H«P^r,  =  [(C.H«)  -jC.H5)3V]  "3,,. 

The  "salt  is  derived  from  a  diatomic  metal,  a  diphosphoninm,  in 
which  6  cquivs.  of  liydrogcn  are  replaced  by  6  eqnivs.  of  ethyl, 
and  the  remaining  2  equivs.  of  hydrogen  by  the  radical  ethylene 
indivisible  under  tlic  given  cireunistanccs.  It  is  the  diatomic 
character  of  the  etlivlene  that  links  tofcether  the  two  molecules  of 
triethylphosphiuc,  aud  gives  to  the  new  molecular  STstem  the 
necessary  stability. 

The  dibromide  is  very  easily  attacked  by  silTer-cbmponnds,  and 
in  tliis  nuumer  an  extensive  series  of  very  sharply  characterized 
diphosphonium-salts  may  be  obtained,  many  of  wliich  crystallize 
remnrkribly  well.  In  these  reactions,  however,  a  tendency  towards 
the  formation  of  double  compounds  is  frequently  observed,  and 
hence  it  is  for  the  most  part  better  to  prepare  the  salts  by  treat- 
ing the  free  base  with  the  corrcspondin«j^  acids. 

In  examining  the  dibromide,  I  have  made  some  observations 
which  I  may  taie  an  opportunity  of  pursuing  further  by  and  by. 
When  the  aqueous  solution  of  this  wLt  is  mixed  with-  bromine- 
water,  Tery  beautiful  yellow  needles  are  immediately  separated^ 
consisting  of  a  polybromide.  These  needles  may  be  recrystallized 
from  boiling  water,  but  apparently  not  without  decomposition. 
They  have  but  an  ephemeral  stability.  On  boilinp:  the  compound, 
bromine  continues  to  be  evolved,  and  ultimately  the  original 
bromide  is  left  behind.  Polvbromidos  of  exactlv  similar  character 
are  formed  bv  the  action  of  bromine  on  the  bromides  of  all  the 
ammonium-  and  phosphoniura-bases  that  I  have  examined. 

I  have  already  pointed  out  that,  in  fixing  one  molecule  of  tri- 
ethylphosphine  to  form  the  compound 

[CC.U^Br)(CaHJ,P]Br, 

dibromide  of  ethylene  exhibits  a  deportment  which  might  have 
been  expected  from  bromide  of  bromethyl,  with  which  it  is 
isomeric.  It  was  of  some  interest  to  examine  experimentally,  the 
behaviour  of  triethylphosphine  with  nionobrominated  bromide  of 
ethyl.  This  substance  had  never  been  prepared.  I  have  obtained 
it,  togetber  with  the  dibrominated  bromide  of  ethyl  (C2H3Br2)Br, 
by  submitting  bromide  of  ethyl  to  tlic  action  of  dry  bromine 
under  pressure  at  a  temperature  oi  180°  C.    Brominatcd  bromide 

a  2 
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of  ctliyl  is  u  heavy  aromatic  oil,  boiling  at  110  C,  and  conse- 
quently difleriug  altogether  from  dibromide  of  ethylene,  which 
holla  at  180"  C.^  and  with  which  it  is  isomeric.  The  brominated 
bromide  attacks  the  phosphorus-base  mnch  more  slowly  than  the 

dibromide;  the  finid  result,  however^  is  exactly  the  same,  tlie 
bromide  of  the  bromi  thylated  monophosphonium  and  the  dibro- 
mide of  the  cthylene-diphosplionitim  bcinj^  produced.  The  former 
of  these  salts  is  obtained  in  comparatively  small  quantity,  and  I 
was  therefor  •  unable  to  identify  the  compound  in  question  with 
the  bromethvlated  bromide  obtained  bv  means  of  the  ethvlene- 
compound,  otherwise  than  by  the  eh  iracleristic  reaction  with 
silver-salts,  mentioned  in  an  earlier  paragraph  of  this  paper.  The 
diphomphonittm-compound,  on  the  other  hand,  is  easily  produced 
in  snfficiently  large  quantity,  by  means  of  brominated  bromide  of 
ethyl.  I  had  no  ditlieulty  in  establishing  the  absolute  identity 
of  this  compound  with  the  product  obtained  from  dibromide  of 
ethylene^  by  a  careful  comparison  of  the  chemical  and  physical 
properties  of  the  snbstanees,  and  moreover  by  the  analysis  of  a 
di-iodido  and  a  platinum-salt  derived  troiu  the  bromidc-of-ethyl- 
dcrivative. 

Dihijdrato. — The  free  base  is  easily  obtained  by  the  action  of 
oxide  of  silver  on  the  dibromide,  or  better  on  the  di-iodide,  which 
latter  is^  of  all  the  diphosphonium-compounds  of  this  class,  the 
easiest  to  obt  lin  in  the  pure  state.  If  the  alcoholic  solution  of  the 
crude  dibromide  be  used  in  this  experiment,  tlie  first  portions  of 
oxide  of  silver  added  to  the  liquid  are  completely  dissolved,  and 
the  solution,  which  has  already  become  alkaline,  deposits  a  white 
crystallized  double  compound  of  the  dibromide  with  bromide  of 
silver,  wliich,  however,  is  completely  decomposed  by  further 
addition  of  oxide  of  silver  and  dilution  with  water.  In  this 
manner,  there  is  produced  an  extremely  caustic,  nearly  odour- 
less liquid,  having  a  btrongly  alkaline  taste,  and  exhibiting  the 
bitterness  wliich  is  so  often  observed  in  the  analogous  bodies  of 
the  nitrogen-series.  In  other  respects,  the  base  exhibits  the  pro- 
perties which  characterise  the  hydrates  of  tetrethylphosphonium* 
and  tetrethylammonium.f  The  solution,  when  evaporated  in  an 
open  vessel,  rapidly  absorbs  carbonic  acid,  and  ultimately  yields  a 
semi-crystalline  mixhirc  of  dihydrate  and  carbonate.  When 
evaporated  in  vacuo  over  sulpluuic  acid,  the  caustic  solution 
gradually  dries  up  to  a  syrupy,  extremely  deli(|iieseent  mass, 
which  exhibits  no  traees  of  crystallization.  On  mi\iHji>:  the  highly 
concentrated  solution  of  the  dihydrate  with  solution  of  potassa, 
the  base  is  separated  from  the  liquid  in  oily  dr(.|p8,  whieh  are, 
however,  readily  dissolved  on  addition  of  water.  The  free  base^ 
like  thecorres])onding  monophosphonium-  and  even  monanunonium'* 

•  Phil.  Trana  1857,  Part  II.  p.  683.    Chem.  S  oc.  Qu.  J.  xl.  66. 
t  Phil.  Tnas.  1861,  Part.  II.  p.  867.  Chem.  8oc  Qu.  J.  iv.  S04. 
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compounds,  cannot  thrrrforo  be  obtained  in  a  state  fit  for  analysis ; 
its  formation,  however,  as  well  as  its  conversion  into  a  series  of 
well-defined  salts  corresponding  to  the  dibromide,  characterize  it 
as  an  oxide  derived  from  the  t^pe^ — 

"4  o 

M  the  hydrated  dioxide  of  ethylene-hexethyl^iphMpikoiiiam  s 
C„H„P,0,-  [(C«HJ"(C,HJ,^  'J 

Complicated  as  the  construction  of  this  compound  most  appear^ 
it  is  remarkable  for  its  stability.  The  solution  may  be  boiled  and 
ooDsideiably  concentrated  npon  the  water-bath  without  decom- 

pof^ition,  and  remains  nnrbani^ed  even  when  exposed  for  some  time 
under  pressure  to  a  temperature  of  150**;  indeed  the  deromposition 
of  the  hydrate  does  not  begin  till  the  liquid  is  evaporated  to  dry- 
ness. The  changes  which  this  compound  sufters  under  the  influ- 
ence of  higher  temueratuies  are  not  without  interest.  They  are 
rather  intncate,  and  I  propose  therefore  to  devote  a  special  para- 
graph to  their  study. 

hi  its  deportment  with  metallic  salts^  the  hydrate  of  the  diphos- 
phonium  closely  resembles  the  fixed  alkalies^  as  may  be  seen  from 
the  following  Table:-— 

Deportment  of  the  Hydrate  of  Di^hoaphonivtm  tcitk  reagents, 

Barnira-aalts 

Caidi^^lto^  UhitopNdpitateBofthehydntM. 

Magiic.-ium  salts^ 

Aluminiaoi-sftlta   While  precipitate  of  bjdrato  of  aluminium,  fioluble  ia  exceas  of 

the  precipitant. 

Cbromiam-talt*  .  Green  precipitate  of  hydrate  of  chromium,  solub'einsa  «zoeaBOf 

the  precipitant,  and  rcprccipitatcd  oa  cbuUiliOA. 
Nickel  salts  .   .  Apple-green  precipitate  ot  the  hydrate. 
Cohalt-Salta  .  .  Bluepracipiteteof  thehydntta. 

Iron-salts  — 

Feri-omm  .    .  Green iitih  precipitate  of  the  hydrate. 
Ferricwn  .  •  Kcddish-brown  precipitate  of  the  hydrate. 
Zinc-saliB  .    .    •  White  gelatinous  precipitate  cif  the  hydra''^,  insoliiMe  in  excess. 
Lead.8al(8  .  ,  .  White  amorphous  precipitate  uf  hydrate  of  lead,  soluble  ux  excess. 
3ilTer«a1t8    .  .  Bladc-biown  preelpitate  <^  oxide  of  ailrw. 
Mercury-gaits : — 
Mercuro*>um  .  Flack  precipitate  of  the  suboxide. 
Mercuricum  .  Yellow  precipitate  of  the  oxide. 
Copperaalts  .  .  Light  blue  precipitate  of  tlM  hydrate,  insolnble  ia  oaoMBi  la 

prcscnfe  of  siigJir,  the  prrcipitrtte  ditwolvep  in  cxopps,  forming 
an  azure-blue  solution,  from  wiueh,  if  glucose  \xvua  been  employed 
a  ted  precipitate  of  eabozide  of  copper  sepanttes  on  ebnlllUon. 
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Tin-salta  : 

Chloride, 
coDtaluing  free 
hjdrodilorio 

idd  White  aolenlar  precipitate  of »  dooble  oompoimd. 

Stannirum : — 

Chloride .   *  White  gclatinovu  precipitate,  ejitremelj  solable  in  excetse. 
Antlnuiny; — 

Tricblodde .  .  White  adenltr  predpitate  of  a  doaUe  compoimd. 
Gold  — 

Trichloride.   .  Golden-yellow  crystalline  precipitate  of  a  double  compoond. 
Platinum : — 

Dichloride  .  .  Pale-jrellow,  alightlj  ciystalline  precipitate  of  ft  double  compoond. 

These  are,  with  few  exceptions,  the  reactions  of  a  solution  of 
potassa.  It  is  scarcely  necessary  to  add  that  the  liydrate  of  the 
diphosphonium  expels,  even  at  the  common  trmperaturc,  auinioniii, 
phenylamine,  triethylphosphine,  and  a  considerable  number  of 
other  amines  and  phosphines  from  their  saline  combinations. 

The  free  base  esLhibits  the  deportment  of  caustio  potassa  towards 
iodine  and  sulphur.  It  dissolves  crystals  of  iodine  with  facflitj ; 
the  colourless  solution  is  neutral,  and  yields  on  evaporation  a  syrup- 
like  lialf-crystalline  mass,  easily  recognized  as  a  mixture  of  the 
di-iodidc  with  the  di-iodate.  Treatment  with  alcohol  separates 
the  crystals  of  tlic  more  diHieultly  soluble  iodide  from  the  gummy 
iodate.  On  adding  concentrated  hydrochloric  acid  to  the  liquid 
obtained  by  dissolving  iodine  in  the  free  base,  a  dark-coloured 
substance  (iodine  or  a  periodidc)  is  separated ;  after  a  few  seconds^ 
however,  the  liquid  is  decolorized  and  solidifies  to  a  mass  of  beau* 
tiful  lemon-yellow  crystals.  The  diphosphonium-^alts  are  thus 
seen  to  exhibit  phenomena  exactly  similar  to  those  which  were 
observed  by  Weltzien  in  the  esse  of  the  compounds  of  tetra- 
mcthyl-  and  tetrethyl-ammonium.  I  hope  to  find  an  opportunity 
of  returning  to  a  more  minnto  examination  of  the  yellow  com- 
pound, which,  by  recrystallization  from  boiling  alcohol,  may  be 
obtained  in  splendid  needles,  and  which  will  probably  be  found  to 
be  a  compound  of  the  di -iodide  with  chloride  of  iodine.  For  the 
present  1  may  remaik  that  similar  conipounds  are  formed  by  all 
the  bases  of  the  type  ammonium  and  diammonium  which  I  have 
examined,  provided  they  belong  to  that  class  in  which  the  snb« 
stitution  is  complete.  A  variety  of  monophosphonium-  and  mon- 
arsonium-salts,  and  lastly  of  compounds  of  phosphammciniums  and 
phospharsoniums,  submitted  to  the  same  process,  have  furnished 
perfectly  similar  rcsnlts.  Hydrochloric  acid  occasionally  produces 
crystalhne  prcci})itatcs  in  the  concentrated  solutions  of  the  iodates, 
even  of  bases  of  incoiii])lctc  substitution  ;  these  precipitates  dis- 
appear, how(  ver,  on  addition  of  wider,  or  on  gently  warming,  and  ai  e 
essentially  dilicrcut  from  the  cunipuuuds  previously  mentioned. 
Su^hatr  dissolves  in  a  couceutratcd  solutiou  of  tie  dihydratc, 
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although  >f  ith  difficulty,  to  a  yellow  liquid^  which  precipitates  the 

black  sulphide  from  lead-solutious,  and  is  decomposed  by  acids, 
witli  separation  of  sulphur  and  evolution  of  sulphuretted  hydrogen. 
Phosphorus  is  not  attacked  by  the  solution  of  the  dioxide,  not  a 
trace  of  phosphoretted  hydrogen  being  evolved,  even  by  protracted 
eballiiion. 

I^jisulphhydrate. — ^The  iolution  of  the  base  saturated  with  hydro- 
sulphuric  acid,  when  allowed  to  remain  for  some  time  orer  sul- 
phuric acid  in  vacuo,  dries  up«to  a  gummy  mass,  m  hich  exhibits  as 
little  inclination  to  crystallize  as  the  dihydrate  itself.  When 

evaporated  on  the  water-bath  in  rontiict  with  the  air,  the  disulph- 
hydrate  is  decomposed,  the  sulpluir  beinj^  oxidized  ;  ultimately  an 
iuj])erlect  crystallization  of  the  sulphate  remains  behind. 

Dichloridc. — This  salt  is  easily  ol)tuiucd  by  treating  the  dibro- 
mide  or  the  di-iodide  with  chloride  of  silver,  and  also  by  saturating 
the  free  hase  with  hydrochloric  acid ;  it  is  extremely  soluble  in 
water  and  in  alcohol,  insoluUe  in  ether.  The  concentrated  solu- 
tion solidifies  over  sulphuric  acid  into  a  mass  of  lar^c  and  highly 
deliquescent  crystalline  plates  of  a  pearly  lustre,  which  may  be 
exposed  to  a  very  high  temperature  (290°  to  300<^)  without  the 
slightest  alteration.  The  salt  is  precipitated  unchanged  irom  its 
aqueous  solution  by  potassa;  it  contains — 

c,.ii3,p,ci,=[ic,ii,)'  jc^nj^S'c^- 

The  dichloride  forms  with  metallic  chlorides  numerous  well 
.  crystallized  double  compounds,  some  of  which  will  be  more  par- 
ticularly described  hereafter. 

The  dichloride  of  the  ethylene-diphosphonium  is  likewise  pro- 
duced by  the  action  of  luonochlorinated  chloride  of  ethyl,  prepared, 
in  accordance  with  Rcgnault's  indications,  by  tlie  action  of 
chlorine  upon  chloride  of  ethyl.  The  chlorinated  couipouiul  acts 
but  slowly  upon  tricthylphosphine  at  100°.  By  digesting  for 
twenty-four  hours  at  120°,  a  considerable  proportion  solidilicd  to 
a  white  fibrous  crvstalline  mass,  which  proTed  to  be  exclusively 
the  dichloride  of  the  diphoqphoninm.  It  was  identified  by  con- 
version into  the  characteristic  platinum-salt,  and  subsequently  into 
the  iodide,  both  of  which  were  analysed. 

Di' iodide, — ^This  salt  is  perhaps  the  most  cliaract eristic  of  the 
diphosphonium-coniponnds.  Crystallizing  with  peculiar  readiness, 
— being  easily  soluble  in  liot,  hut  sparingly  soluble  in  cold  water, — 
slightly  soluble  also  in  alcohol,  and  insoluble  in  ether, — it  possesses 
all  the  properties  which  can  facilitate  the  preparation  of  a  pure 
and  definite  substance.  It  has  therefore,  for  the  most  part,  served 
as  a  starting-point  in  the  preparation  of  the  diphosphonium- 
compounds. 

I  have  ahready  remarked  that,  in  the  preparation  of  the  mona- 
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tomic  bromide,  the  formation  of  thr  dibromide  can  scarcely  ever 
be  entirely  prevented.    The  mother-liquors,  remaining  after 

numerous  prc]iarations  of  tlio  monatomic  bromide,  were  therefore 
united  and  treated  with  uxidc  of  silver,  whereby  a  caustic  liquid 
was  obtained,  contaiuiug  tlie  hydrate  of  the  dipbospbonium,  con- 
taminated with  the  hydrate  of  the  oxcthylatcd  luonophosphouium 
arising  Ironi  the  decomposition  of  the  bromethyluted  compound. 
These  hydrates  were  converted,  by  saturation  with  h^driodic  acid, 
into  the  corresponding  iodides,  the  separation  of  which  presented 
no  further  difficaltVj  inasmuch  as  the  iodide  of  the  oxethylated 
monophospkonium  is  extremely  soluble  in  water  and  in  alcohol. 
The  sparingly  soluble  di-iodide  was  easily  obtained  in  a  state  of 
perfect  purity  by  several  crystallizations.  Tlie  crystals  are 
anhydrous.  Any  liygroscopic  moisture  that  may  adliere  to  them 
is  most  conveniently  removed  by  drying  tlicm  over  sulphuric  acid, 
since  the  salt  begins  to  turn  slitrhtly  brow  u  at  100".  Analysis 
proves  this  iodide  to  be  represented  by  the  formula,— 


The  di-iodide  crystallizes  from  boiling  water  in  needle-shaped 
crystals,  which  often  attain  a  considerable  size.  Quintino  Sella 
has  communicated  to  me  the  following  results^  which  he  has 
obtained  on  examining  these  crystals ; — 


"  System  trimetric : — 


Fig.  4i, 


001,  101  =  4^°  9' 
100,  110  s  60^  18' 


Forms  observed : — 


110,  101  (Fig.  41). 


MM  =119°  40';    A  :  ^  =  1 :  0-8732. 
Forms  observed : — 


Combinations  observed 


110,  101  (Figs.  42,  43).  1  10,  101  with  other  fa«ea,  too 
much  rounded  for  their  correct  determination  (Fig.  44). 
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Fig.  Fig.  43. 


desTages  llO-imd  101  distinct,  and  easily  obtainccl. 

The  crystals  are  long  needles  ;  the  faces  110  are  often  but  little 
developed  (Fig.  43)  ;  they  have  then  a  monoclinic  aspect;  but  the 
measurement  of  the  angles  110,  101,  and  110,  T  0  1,  has  fur- 
nished nearly  the  same  result ;  and  moreover,  on  examining  the 
crystals  with  the  polarizing  mirroscopo,  the  line  [OlOjis  found 
to  be  nearly  one  of  the  axis  of  elasticity. 

The  angle  101,  101  is  so  near  to  90^,  that  there  mi^ht  appear 
some  reason  for  regarding  the  crystals  as  dimetric  hciuiliedrala. 
1  am  not,  however,  of  this  opinion,  for  I  have  observed,  only  two 
cleavages,  110,  T  1  0,  instead  of  tlie  four  corresponding  to  the 

dimetric  system ;  moreover  the  angle  101,  101  has  always  been 
found  a  little  greater  than  90°. 

The  needles,  when  snudl^  are  tnauparent ;  the  laiger  ones  aie 
rather  milky,  and  hollow  inside. 

The  lustre  of  the  faces  1 0 1  is  slightly  nacreous,  that  of  the 
faces  1 1  0  is  vitreous." 

The  di-iodide,  as  cilready  observed,  is  very  much  more  soluble  in 
boiling  water  than  in  cold  water.  100  parts  of  boiling  water 
dissolve  458  3  parts  of  the  salt,  of  which  only  3*08  parts  remain  in 
solution  at  12°.  A  remarkable  e^iaracter  of  the  salt  is  its  insolu- 
bilitity  in  moderately  concentrated  solution  of  potassa ;  the  dilute 
solution  mixed  with  potassa  immediately  yields  a  crystalline  preci- 
pitate j  the  same  property  is  eihibited,  as  is  well  known,  by  the 
iodides  of  tetrethylammoniam  and  of  the  other  ammonium-  and 
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phosplionium-uictulsi.  The  solution  of  the  di-iodidc,  like  those  of 
the  dipluMiphoiiiiim-salts  in  general,  is  perfectly  neutral;  it  is 
coloorleBB  when  first  prepared,  bnt  on  esposure  to  light  soon 
acquires  a  tint  of  yellow,  and  finally  turns  brown^  at  the  aame 
time  depositing  a  i(  ddish  rompound,  doubtless  analogous  to  the 
periodides,  which^  as  I  observed  some  time  ago^  are  formed  under 
similar  circiimstanocs  from  thr  iodides  of  tetramethyl-  and  tetrcthyl- 
ammouium,  and  which  have  since  been  so  successfully  studied  by 
Weltzien.  This  red  compound  is  immediately  precipitated  on 
adding  a  solution  of  iodine  to  the  colourless  solution.  The  di- 
iodide,  like  most  diphosphoninm  compounds,  exhibits  great  sta- 
bility. It  meltSy  withont  the  slightest  decomposition,  at  231°,  and 
solimfies,  with  crystalline  structure,  a  few  degrees  lower.  When 
more  strongly  heated  over  an  open  fiame  it  is  decomposed,  with 
formation  of  a  red-brown  substancei,  which  I  have  not  examined. 
On  distilling  the  di-iodide  with  excess  of  caustic  baryta  in  an 
atmosphere  of  hydrogen,  tricthylphosphine  passes  over :  no  gaseous 
product  is  formed  in  this  reaction.  Together  with  iodide  of 
barium,  which  remains  behind,  and  tricthylphosphine  which  distils 
over,  probably  oxide  of  ethylene  is  formed  in  this  reaction, 

[  (CaHJ  "  (C^HiS +  ^'^^  =  ^      ^  +.2[(C,H,),P]  + 

(C,HJ"0. 

I  should^  however^  state  that  I  have  not  succeeded  experi- 
mentally in  tradng  the  formation  of  the  oxide  of  ethylene. 

An  attempt  to  decompose  the  solution  of  the  di- iodide  with 
sodium-amalgam  was  unsuccessful ;  the  salt,  which  is  likewise  but 
^aringly  soluble  in  solution  of  soda,  immediately  separated  out, 
and  no  appearances  were  observed  which  might  have  indicated  tlio 
formation  of  the  ammonium-amalgam.  It  is  worthy  of  remark 
that  no  substituted  am nioni urn -amalgam  has  yet  been  produced. 

The  di-iodide  forms,  with  various  metallie  halts,  crystalliue  double 
compounds,  among  which  I  have  more  particularly  examined  the 
sine-salt ;  its  analysis  will  be  given  farther  on. 

Dyhtoride, — The  solution  of  the  hydrate,  neutralised  with  hydro- 
fluoric add  and  dried  over  sulphuric  acid,  leaves  a  odourless 
transparent  syrup,  which  does  not  crystallise^  even  after  standing 
for  a  considt  rable  length  of  time  in  air  or  in  vacuo.  The  fluorine- 
compound,  like  tlic  other  diphosphonium-salts,  is  soluble  in 
alcohol,  but  insoluble  in  ether. 

Siiico-fhioriffr. —  The  solution,  neutralized  with  hydrofluosilicic 
acid,  likewise  lulled  to  yield  eryslals  by  evaporation. 

Dicijanide. — The  solution  ol  the  hydrate,  mixed  with  excess  of 
hydrocyanic  acid,  retains  its  alkaline  reaction ;  when  evaporated 
on  the  water-bath,  it  gives  off  efei^  trace  of  hydrocyanic  add. 
On  digesting  a  solution  of  the  di-iodide  with  excess  of  (^anide  of 
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silver,  a  doublo  compound  dissolves,  which  crystallizes  in  splendid 
needles,  but  is  likewise  decomposed  by  evaporation,  with  evolution 
of  hydrocyjiuic  acid  and  separation  of  cyanide  of  silver. 

IHsulpliucyanate, — When  a  solution  of  the  di-iodide  is  boiled 
'  with  excess  of  recently  precipitated  sulphocyanate  of  nlver,  a 
eolation  of  the  cUanlphocyanate  is  obtained,  perfectly  free  from 
silver^  and  aolidiftring  by  evaporation  on  the  water-bath  into  a 
crystalline  mass.  The  salt  dissolves  readily  in  water  and  in 
alcohol,  and  is  precipitated  therefrom  by  ether.  The  aqueous 
solution  is  likewise  precipitated  by  potassa,  the  oily  drops  thus 
separated  Gradually  solidifying  into  crystalline  rosettes. 

Dinitratc. — This  salt,  prepared  by  saturating  the  base  with 
nitric  acid,  forms  laminar  crystals,  permanent  in  the  air,  extremely 
soluble  in  water,  less  soluble  in  alcohol,  and  precipitated  from  the 
alcoholic  sotntion  by  ether,  as  an  oil  which  gradually  solidifies. 
The  solution  forms  with  mercuric  chloride,  a  precipitate  which 
crystallizes  in  needles. 

Dipei'chlorafe, — This  salt  is  perhaps  the  most  beantiiul  of  the 
dipho^honium-compounds.  On  mixmg  moderately  concentrated 
solutions  of  the  hydrate  and  perchloric  acid,  the  liquid  is  soon 
traversed  by  delicate  crystalline  needles,  often  an  inch  lonj^.  They 
may  be  recrystallized  from  boiling  water  and  dried  at  1()()°  without 
decomposition.  At  a  higher  temperature^  they  are  decomposed, 
with  slight  detonation. 

The  analysis  of  the  perohloratej  in  whidi  the  diphosphonium 
was  weighed  in  the  form  of  the  nearly  insdable  platinumHeHdt, 
led  to  tl^  fonnnla 

c„H„p,ci,o.  =  [  (CA)"  g}{^']»g"(ao,),. 

TH'ioclate. — The  base,  neutralized  with  iodic  acid  and  evaporated 
over  sulphuric  acid,  yields  an  extremely  deliquescent  syrup  which 
crystallizes  but  gradually.  ISolution  of  potassa  separates  the 
hydrate  from  the  concentrated  solution,  in  oily  drops,  sparingly 
soluble  crystalline  iodate  of  potassium  being  at  the  same  time 
precipitated.  The  solution,  mixed  with  hydrochloric  acid,  yields 
the  lemon-yellow  crystalline  compound  alrnidy  mentioned. 

Carbtmate, — ^The  solution  of  the  oxide  remains  alkaline,  even 
after  saturation  with  carbonic  acid ;  on  evaporation,  it  leaves  a 
mass  having  a  slightly  crv'stalline  Structure. 

Sulphate. — Radio  -  crystalline,  extremely  deliquescent  salt. 
RepfMitcd  attempts  to  produce  diphosphouium-alums  by  mixing 
the  solution  with  the  sulphates  of  aluminium  and  chromium  were 
unsuccessful. 

Chromate. — The  solution  of  the  base,  neutralized  with  pure 
chromic  acid,  deposits,  when  exposed  to  an  atmosphere  dried  by 
sulphario  add^  extremely  solaUe  needles  arranged  m  stellated 
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groups.    With  excess  of  chromic  acid,  uothiu<^  but  au  uucrystal- 
lizable^  syrup  is  obtauied* 

OmiMftf.-»Both  tlie  adcl  and  ihe  neutral  solution  of  the  base  in 
oxalic  acid  dries  up  to  a  slightly  crystalline  mass. 

Phosphale. — The  di-iodide,  boiled  with  excess  of  phosphate  of  ♦ 
silver,  jiMs  a  neutral  solution  of  the  phosphate  of  the  diphos- 
phonium,  which  remains  as  a  slightly  crystalline  mass  when  the 
solution  is  evaporated.   Crystallization  is  not  promoted  by  additioa 
either  of  free  phosphoric  acid  or  of  the  hydrate. 

Tartrate, — Extremely  soluble ;  difficult  to  crystallize. 

Dipiaate. — The  aqueous  solution  of  picric  acid,  added  to  a 
moderately  concentrated  solution  of  the  hydrate,  instantly  pro- 
duces a  yellow  crystalline  precipitate,  which  separates  frosn  the 
boiling  alkaline  solution  in  long  needles. 

The  diphosphonium-salts  form  a  long  series  of  double  com- 
pounds, most  of  which  crystallize  splendidly. 

Platinum-salt. — The  solution  of  the  dicliloride,  even  when 
extremely  dilute,  yields  with  dicliloride  of  platiTinm  a  pale-yellow 
precipitate,  which  appears  amorphous  to  ordinary  observation,  but 
when  examined  under  a  microscope  of  rather  hit^li  power,  resolves 
itself  into  small  piisms.  This  salt  is  nearly  insoluble  in  cold  and 
even  in  boiling  water,  so  that,  as  already  observed,  the  diphospho- 
nium  may  be  quantitatively  estimated  in  this  form*  The  precipi- 
tate disacMves,  though  with  difficulty,  in  concentrated  hydrochloiie 
add,  and  crystallises  from  the  solution,  by  slow  cooling,  in  small 
but  well-defined  crystak  of  a  bright  orange- red  colour. 

Quintino  Sella  haa  examined  these  crystals,  and  obtained  the 
following  results : — 

"  System  monoclinic : — 

100,  001  =82°  36' 

Forms  observed : 

100,  010,  001  (Fig.  45). 
Fig.  45.  Fig,  46. 


Combinations  observed  : — 

100,  010,  001  (Fig  46). 
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Cleavages  100^  010^  001  distiuct  and  e&sily  obtained^  more 
especially  010, 

The  crystals  are  elongated  in  the  direction  of  the  iois  of 
symmetry,  and  often  hollowed  out  for  a  great  part  of  their  length 
when  n^er  thick;»  that  is  to  say,  when  their  ndes  attain  the 

width  of  half  a  milliraetre.  Tlic  liollow  has  the  form  of  a  pyramid 
having  its  baso  nn  the  face  010  and  its  apex  towards  the  centr&of 
the  crystal.  The  face  0  1  0  is  often  reduced  to  a  very  narrow  rectan- 
gnlar  rim.  The  op|X)sitc  apex  of  the  ervstal  is  irregular,  as  if  it 
had  adhered  to  the  side  of  the  vessel.  The  lace  0  01  is  in  general 
rather  more  developed  tlian  10  0. 

Tlie  crystals  are  optically  negative.  The  plane  of  the  optical 
axes  is  parallel  to  the  line  of  symmetry  [010];  the  principal 
medium  line  is  perpendicular  to  the  latter  and  forma  an  angle  of 
about  80^  with  a  line  normal  on  face  001.  In  fact,  a  plate 
parallel  to  0  1  0  stops  the  passage  of  a  ray  of  polarized  light  in  that 
direction.  Moreover,  rings  are  observed  through  the  faces  0  01 
and  in  a  plane  parallel  to  the  line  of  symmetry  010,  and  rather 
inclined  towards  a  line  normal  on  each  face.  The  ang;le  of  tlie 
opti(  al  axis  seen  in  this  manner  through  the  faces  001  appears  to 
be  very  nearly  110°. 

The  crystals  have  a  very  fine  orange-colour  and  a  vitreousi 
lustre.'' 

This  platinum  salt  hj  numerous  analyses  was  found  to  con- 
tain 

C,«U„P,P^C1,  =  [  (C,H«)"  m{;!^{n"ci»  SPlCl^ 

Palladium-salt.— k  dilute  solution  of  the  diehloride  is  not 
precipitated  by  chloride  of  palladium.  On  concentrating  the 
mixture  and  allowing  it  to  cool  slowly,  reddish-yellow  prisms  make 
tlicir  appearance :  by  rapid  cvnporatiou  a  brick-red  crystalline 
powder  is  obtained.  Alcohol  added  to  the  aqueous  solution  of  the 
two  salts  throws  down  the  double  salt  as  a  chocolate-coloured 
crystalline  magma  composed  of  small  interlaced  needles.  I  have 
not  analysed  this  compound. 

Gold-salt. — Beautiful  golden-yellow  needles,  difficultly  soluble 
in  cold,  easily  soluble  in  boiling  water  and  containing 

Mercury -salt. — Delientc  rrystulliiie  needles  or  laniiiue  sparinfrly 
soluble  in  water  and  iu  alcohol,  obtained  by  mixing  the  chloride 
of  the  diphosphonium  with  mercuric  chloride. 

Analysis  led  to  the  formula 

C,4H«P,Hg,Cl.  -  [  (C,H«)"  [C^u;!^p]"ci„  SHsCL 
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Tin'Sali.  — This  salt,  which  is  prepared  like  the  merciiry-cora- 
pound,.  ci'ystallizes  from  water  in  large  well-formed  prismatic 
crystals.  Aooordii^  to  some  determmations,  which,  however  gave 
only  approzimaie  leaalts,  the  tioHMlt  appean  to  have  the  compo- 
sition : 

Di'iodide  and  Iodide  of  Zinc. — On  mixing  tlie  two  solutions,  a 
crystalline  precipitate  is  obtained,  which  separates  in  long  needles 
when  xecrjBtallised  from  boiUng  water.  The  aalt,  whidi  is  apt  to 
assume  a  yellowish  ooloration,  contains 

Dibromide  and  Bromiih'  of  Silver. — T  have  mentioned  this  salt 
already  when  describing  tlie  preparation  of  the  hydrate  from  the 
dibromide.  When  oxide  of  silver,  which  should  not  be  mixed 
with'too  much  water,  is  added  in  small  portions  to  a  hmling  oon- 
centrated  solation  of  the  dihromide  m  alcohol  as  long  as  it 
dissolves,  the  filtered  solution  deposits  on  cooling  white  crystals^ 
which  contain 

C,4H,.P^gBr,  =  [  (C,H,)"  {^H^j^  J] 

The  sslt  crystallizes,  but  not  readily,  from  boiling  alcohol.  It 
is  immediately  decomposed  by  water,  bromide  of  silver  being 
separated,  and  the  bromide  of  the  diphosphonium  passing  into  the 
solation. 


In  describing  the  general  charnrtrr  of  the  action  of  dibromide 
of  etbylnip  upon  triethylphosphiiie,  I  have  mentioned  that,  in 
addition  to  the  inonatomie  and  diatomic  bromides,  which  arc  the 
prijicipal  products  of  the  reaction,  secondary  compounds  may  be 
formed,  but  always  in  comparatively  small  quantities.  The 
mother-lii^noTs  generally  contain  oxide  of  triethylphosphinc,  formed 
by  the  action  of  the  atmosphere ;  they  contain,  moreover,  bromide 
of  triethylphosphonium,  if  the  dibromide  had  not  been  cardFolly 
deprived  of  hydrobromic  acid.  The  bromide  of  tnethylphos- 
phoninm,  however,  under  certain  conditions,  arises  from  the 
docomposition  of  dibromide  of  ethylene  into  hydrobromic  acid  and 
bromide  of  vinyl,  the  latter  producing  in  tliis  case  the  bromide  of 
vinyl-tricthylphosphoninm.  I  hod  an  oppoi  tunity  of  establi8hing 
this  fact  rxperimcntally,  when  preparing  a  considerable  quantity 
of  the  dibromide  of  the  diphosphonium.  The  phosphorns-base 
having  been  employed  in  excess  in  this  operation,  not  a  trace  of 
the  bromethylated  monophosphoniom  had  been  formed :  its 
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absence  was  carefully  proved  by  a  spcci.il  experiment.  The 

bromides  were  then  transformed  into  chlorides  and  the  latter 
prrcij)itated  by  dichloride  of  platiuum  ;  the  mother-liquor  filtered 
olf  from  the  copious  precipitate  of  the  diphosphonium-salt  was 
considoruhly  evaporated,  when,  on  cooling,  well-formed  octohcdra 
vcre  deposited,  which  on  analysis  were  found  to  coutaiti 

[(C3H3)(CaH^),P]Cl,PtCl,, 

The  formation  of  the  Tinyl-compomid  under  these  circumstances 
is  easily  exphiined : 

C,H«Br,+2[(C,HJ,P]  =  [(C.HJ  (C,HJ,PJJ3r  +  [(C,H^,HP]Br. 

The  amount  of  Yinyl-compound  produced  is  but  irery  small  in 
proportion  to  that  of  the  other  salts  which  are  formed  in  the 
mutual  action  between  trietbylphosphine  and  dibromide  of  ethy- 
lene. * 

Action  ov  Hbat  upon  the  Htdratb  of  thb  BiFHOsPHONiirM. 

The  hydrate,  when  submitted  to  the  action  of  heat,  undergfocs  a 
series  of  remarkable  changes,  which  I  have  studied  with  lively 
interCvSt.  The  decomposition  commences  at  1G0°  ;  on  raising  the 
temperature  gradually  to  250**,  the  whole  of  the  hydrate  passes 
over  in  Uie  form  of  liquid  and  gaseous  products.  The  liquid 
product  consists  of  triemylphosplmie  and  oxide  of  trietbylphos- 
phine; the  gas  contains  a  considerable  proportion  of  ethylene^ 
which  is  readily  characterized  by  its  deportment  with  bromine. 
This  transformation  may  be  represented  by  the  following  equa- 
tion : 

* 

The  study  of  the  changes,  however,  through  which  the  hydrate 
runs  before  it  is  broken  up,  shows  unmistakeably  that  this 
equation  can  represent  but  one  phasCj  even  of  the  final  trans- 
formation of  the  diphosphonium-oompovnd.  The  study  of  the 
intermediate  changes  presents  unusual  difficulties,  and  I  confess  at 
once  that  I  have  fiiiled  to  soWe  the  problem  to  my'  entire 
satisfaction. 

The  experiments  carried  out  with  the  view  of  disentangling  the 
intricacies  of  these  reactions,  will  perhaps  be  better  understood  if 
I  commence  by  setting  forth  the  ideas  which  I  have  ultimately 
formed  of  these  metamorphoses,  and  then  describe  the  experiments 
on  which  they  are  founded. 

Under  the  influence  of  heat,  the  hydrate  of  the  diphosphonium 
undergoes  two  principal  twttiaformations,  which  are  accomplished 


Digitized  by  Go 


10^  A.  W.  HOPMANN's  CONTBIBUTJON8  TO  THE 

side  by  side.  A  portion  of  this  compound  ijivcs  rise  to  the 
formation  of  oxide  of  trielhyipho&pliinc  and  ii}  drate  of  tetrethyl- 
pliosphonium, 

[(C,HJ"(C.HAPJ"f  o,  -  (C.H.),PO  +  [(C.H,),P]1  ^ 

the  latter  splitting  uitiuiately  into  oxide  of  trietbjlpLobplime  aud 
hydride  of  ethyl, 

L(C,Hj),PJJ  Q  ^  (C,H,),PO  +  (C,H,)Hs 

while  a  second  portion  is  resolved  into  tnethylphosphine  and  hy- 
drate of  oxethyl-tricthylphosphonium. 

The  latter  may  undergo,  at  a  hi^h  teuiprraturc,  a  further  trans- 
formation, separating,  partially  at  Icasl,  into  water  and  hydrate  of 
vinyl-trietbylpliosphouium, 

'[(C,H,6)(C,HJ3P1J  0=  {]}  0+  i:(C»H3)(C,H,),P]J 

the  vinyl-eomj)oiind  yielding,  in  the  last  stage  of  the  rcactioa^ 
oxide  of  trielhylpliosplunc  and  ethylene. 

The  separation  of  triethylpho^phine  and  its  oxide  by  thp 
action  ot  lieat  upon  the  hydrated  diphosphoniura  requires  no 
special  experimental  demons^tration.  To  individualize  the  other 
compounds,  the  following  experiments  were  made : — con- 
siderable quantity  of  the  dihydrate  was  evaporated  in  a  retort  in 
an  atmosphere  of  hydrogen.  As  soon  as  the  phosphoras-base 
began  to  distil  freely— at  about  190° — the  operation  was  inter- 
rupted^ and  the  residuary  alkaline  liijnid  saturated  with  hydro- 
chloric acid  and  precipitated  with  dichloride  of  platinum.  A 
dingy  yellow  amorphous  precipitate  was  thrown  down,  insoluble 
in  cold  water ;  and  the  mother-liquor,  on  evaporation,  furnished  a 
mass  of  deep  orange- red  octohedra,  which  were  transformed  into 
tlie  corresponding  iodine-compound.  The  salt  thus  obtained 
proved  unmistakeably  a  mixture  of  two  compounds  of  different 
solubility.  The  less  soluble  was  obtained  in  beautiful  crystals^ 
exhibiting  all  the  characters  of  iodide  of  tetrethylpbosphonium. 
The  formation  of  a  tetrethylpbosphonium  compound,  in  this 
reaction,  wn^^  identified  by  the  analysis  of  the  iodide,  the  platinum- 
salt  and  the  gold-salt. 

The  result  of  aiinlysis  was  most  satisfactorily  confirmed  by  the 
crystallographieal  examination  of  the  salts  mnU^r  consideration. 
Q.  Sella  ha&  compared  the  crystals  of  the  iodide  above  men- 
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tioned  witH  crystals  of  iodide  of  tctrcthylphosphonium  obtained  in 
the  usual  way.  I  have  appended  at  the  conclusion  of  this  paper 
the  elaborate  investigatioii  of  this  beautiful  aalt^  with  which  my 
friend  has  furnished  mo. 

Far  less  conclusive  is  tlie  experimental  evidence  which  I  was 
enabled  to  collect  in  sunport  of  tlie  opinion,  that  the  hydiate  of 
tetrethylphosphonium  ronned  by  the  action  of  heat  on  the 
hydrated  diphosphonium  is  accompanied  by  the  ozethylated 
triethylphosphonium  com  pound.  The  principal  ar^ment  in 
favour  of  this  view  is  the  abundant  evolntion  of  triethylphoephine, 
which  cannot  be  understood  utiIcss  we  assume  the  simultaneous 
formation  of  the  oxcthylatcd^  or  of  the  vinyl-compound.  I  have 
failed  in  my  endeavours  to  prepare  the  more  soluble  iodide  which 
accompanies  the  totrcthylphosphonium-corapound  in  a  state  of 
purity.  Nor  was  the  attempt  to  separate  the  two  compounds  in 
the  form  of  platinum-aalta  lewaided  bjr  better  ancoeas.  Both 
phitinnm-salta  cryatalliae  in  octohedra  which  differ  bnt  dightly  in 
aolnbility. 

The  experimental  numbers  obtained  in  the  analysis  of  these 
octohedra  characterize  a  mechanical  mixture  of  the  two  platinum* 
salts. 

The  action  of  heat  upon  the  hydrate  of  the  diphosphonium 
induces  yet  another  trausfonnntion,  to  which  I  liave  already 
alluded  when  mentioning  the  dingy  yellow  insoluble  precipitate 
which  is  formed  on  addition  of  dioUoride  of  platinum  to  the 
product  of  the  action  of  heat  upon  the  hydrate,  neutraUied  with 
nydrodiloric  acid. 

The  following  paragraph  contains  the  fragmentary  information 
which  I  haye  oodlected  in  studying  these  changes. 

PARAniPHOSPHOMIVM-OOimirNOS. 

The  basic  compound  which  vields  the  amorphous  yellow 
pktinum-salt  repeatedly  mentioned,  is  a  transient  product  of  the 
action  of  heat  on  the  hvdrated  diphosphonium.  If  during  distfl- 
Lvfcion,  the  alkaline  residue  in  the  retort  be  tested  from  time  to 
time  with  dichloride  of  platinum^  a  point  is  soon  reached^  when 
instead  of  the  slij^htly  crystalline  precipitate,  perfectly  insoluble  in 
dilute  hydroclilorio  acid,  which  appears  at  the  commencement  of 
the  operation,  an  amorphous,- generally  din^  yellow  precipitate  is 
obtained,  immecl lately  dissolving  on  addition  of  a  few  drops  of 
dilute  hydrochloric  acid.  If  the  distillation  be  now  interrupted, 
and  the  residue  neutralized  with  hydrochloric  acid,  and  mixed  with 
a  few  drops  of  dichloride  of  platinum^  a  discoIomnBd  precipitate  is 
thrown  down,  the  filtrate  from  whidi,  on  addition  of  a  further 
quantity  of  platinum-solution,  yields  the  amorphous  salt,  of  a 
light  yellow  colour,  and  in  a  stat^  of  purity.   This  salt  dhibita  no 
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trace  of  crvatalline  structure,  even  when  cxaniiiied  under  the  most 
powerful  microscope  :  iu  the  pcrtectly  dry  state,  it  is  remarkably 
electrical^  Hying  about  in  all  directions  during  trituratioa. 

The  same  Bubstanoe  is  obtained  when  the  hjdrated  ozethyU 
triethylphosphonium  ii  aabmitted  to  the  aetioa  of  heat  By 
interruptiDg  the  luooeas  at  a  convenient  time^  and  adding  dichloridc 
of  platinum  to  the  neutralized  residue^  phi^iomeua  identical  with 
those  just  mentioned  are  obser?ed. 

The  compound  which  produces  the  amorphous  yellow  precipitate 
was  lastly  obtained,  under  the  followinj]:  circumstances. 

Wliile  I  was  engaged  with  the  study  of  the  vinyl-compounds, 
the  examination  of  which  is  described  iu  one  of  tl»e  previous 
paragraphs  of  this  paper^  the  idea  suggested  itself  that  the  bromide 
of  Tmyl-triethylphosphonium  might  also  be  formed  by  the  action 
of  bromide  of  vinyl  ((^^HjHr)  on  triethylphosphine: 

(C^H^jP  +  CjH,Br  =  [((^2"3)(CaH5)3P]Br. 

In  performing  the  experiment,  I  had  an  opportunity  of  obsen'ing 
the  sluirgishuess  of  action  of  this  bromide,  often  previously  noticed 
in  expel  ifucnting  in  theammojiium-serics.    When  gaseous  bromide 
of  vinyl  is  jiassed  through  trielhylpliospliiiie,  not  a  trace  of  it  is 
fixed  by  the  phosphorus-biise.    Triethylphosphine  may  be  distilled 
in  an  atmosphere  of  the  bromine-compound  without  undergoing 
anv  alteration.  Bromide  of  vinyl,  finaed  from  every  trace  of 
adhering  dibromide  of  ethylene  by  repeated  diatiUation  at  a  low 
tcm])erature,  and  subsequent  washing  with  Inkewam  water,  waa 
therefore  enclosed,  together  with  triethylphosphine,  in  a  strong 
glass  tube.    No  change  wan  perceptible  after  two  days'  digestion 
at  100°  ;  and  it  was  only  on  the  third  day  that  a  thin  layer  of 
viscid  matter  began  to  sepiirate  at  the  bottom  of  the  tube.  The 
digestion  was  then  coutiuucd  at  a  higher  temperature ;  and  after 
the  mixture  had  been  exposed  for  three  days  longer  to  a  tempera- 
tare  varying  from  160°  to  ISC'",  about  half  the  fluid  was  found  to 
be  converted  into  a  aolid  mass,  while  a  limind  Hqnid  floated  on  the 
top.   On  opening  the  tabe,  cooling  it  well  at  the  time,  the  liquid 
effervesced  ttrongly,  and  a  gaa  escaped  which  bnmed  with  a  green- 
edged  flame,  and  appeared  to  consist,  partly  at  all  events,  of  the 
vapour  of  unaltered  bromide  of  vinyl.    In  subsequent  repetitiona 
of  the  experiment,  it  frequently  happened  that  the  tubes  were 
shattered  by  the  sudden  expansion  of  the  compressed  gas:  hence 
probably  permanent  gases  nvc  formed  in  the  reaction.    The  liquid 
decanted  from  the  solid  proved  to  be  a  mixture  of  undeeomposed 
bromide  of  vinyl  with  free  phosphorus- base;  the  solid  mass  was 
ibmid  to  consist  of  several  bodies.   On  dissaving  it  in  water,  a 
rather  small  quantity  of  a  spay ngly  soluble,  beautifully  crystalline^ 
nacreous  salt  separated  out,  the  composition  of  which  is  at  present 
undetermined.  By  treatment  of  the  filtered  solution  with  oxide 
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of  silver,  a  strongly  alkaline  liquid  was  produced,  which,  when 
neutralized  with  hydrochlonc  acid  and  precipitated  with  dichlorido 
of  platiuuiD,  ^ave  at  oDce  the  amorphous  yellow  platinum-salt 
easily  soluble  in  dilute  hydrochloric  acid. 

On  analysis,  this  salt  furnished  results  which  characterize  the 
platmom-compound  of  ethyleue-hexethyl-diphosphonium. 

NeTerthdesa  the  two  rabstaiicea  are  not  identical.  In  addition 
to  the  difoenoe  in  the  physical  properties  and  in  the  behavionr 
with  dilute  hydrochloric  acid,  the  two  salts  ezhil)it  other  well- 
detined  marks  of  distinction.  The  crystalline  salt  is  perfectly 
insoluble  in  water,  even  when  boiling.  The  amorphous  salt  dis- 
solves readily,  and  is  deposited  again  on  cooling  in  the  same 
amorphous  condition.  In  designating  this  peculiar  molecular 
variety  as  paradiphosphoninm-compound,  I  simply  wish  to  distin- 
guish it  from  tlie  suit  of  the  ordinary  diphosphonium,  without 
giving  any  opinion  respecting  the  nature  of  the  difference.  The 
enstence  of.  the  diphosphonimn-oomponnds  in  the  crystalline  and 
in  the  smorphoQB  condition,  leminda  ns  of  the  behavioiiT  of  aome 
of  the  native  organic  bases  under  the  influence  of  heat.  It  is  well 
known  that  several  of  these  subatanoes,  which  are  remarkable  for 
their  powers  of  crystallization,  are  rendered  perfectly  amorphona 
when  heated  for  some  time  above  their  melting-point. 

As  might  have  been  expected,  the  paradiphosphonium-eom- 
pounds  are  slowly  and  gradually  reconverted  into  the  ordinary 
diphosphouium-salts.* 

The  hydrated  paradiphosphonium,  when  separated  from  the 
p]atmnm«oonipoiind  hy  snooesaive  treatment  vith  aulphnretted 
hydrogen  and  oxide  of  silver,  yielda  with  hydriodic  add  a  gummy 
ma«8  which  only  gradually  assumes  the  crystalline  form.  By  a 
considerable  namber  of  recrystallizations,  the  characteristic  di- 
iodidc  was  ultimately  obtained  with  all  its  properties;  when  con- 
verted, by  treatment  with  chloride  of  silver,  into  the  dicliloride, 
and  precipitated  by  dichloride  of  platinum,  it  immediately  yielded 
the  well  known  crystalline  precipitate  so  frequently  mentioned  in 
this  paper.  Both  salts,  the  iodide  and  the  platinum  salt,  were 
identified  by  analysis. 

The  transition  of  a  diphosphoninm-componnd  from  flie  crystal* 
line  to  the  amorphoua,  srnd  from  the  amoj^ooa  to  the  erystaUiBe 
condition,  appears  intelligible  enoughf.  The  transformation  of 
the  oxethylated  monophosphonium,  however,  into  a  diphospho- 
nium-oompoiind,  and  the  formation  of  the  latter  by  the  action  of 

*  In  HCTcral  ezperimente,  the  reaction  between  bromide  of  vinjl  and  iriethylphoa- 
phiiie  gave  rise  to  the  fonnatioa  of  a  mixture  of  the  ainoiphono  aad  eiTatalliiio 

diphosphonhnu-cnraponnda. 

"t*  The  dipiiotiphouium-Balt,  which  is  formed  4>y  the  action  of  sulphocyaDate  of 
ethylene  vpon  triethjlphoifphine  (Chem.  Soc.  Qu.  J.,  vol.  xJli.  p.  320,^  In  tho  llxst 
place,  likewise  yields  tbe amorphona  plattmmi-aalt  when  pteeipitated  iqr  dlehloiids 
of  platinum. 
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bromide  of  vinyl  upon  triethylpiiosphinc^  claims  our  attention  for 
a  moracDt. 

The  conversion  of  the  hydrate  of  oxethyl-triethylphoRphoniain^p 
into  the  hydrated  diphosphouium  is  readily  understood,  if  we 
remember  that  two  molecules  of  the  former  contain  the  elements 
of  one  molecule  of  the  latter  and  of  one  molecule  of  ethylene- 
aloohol: 

2([(C2H50)(CJI,}3^]1  o)  =  [(C2"4)"(C.^^.:.^]'j  0,+ 

I  am  nnable  to  say  whether  the  group  C^H^jOo  actually  separates 
as  ethylene-alcohol,  or,  which  is  more  probable,  in  the  form  of 
water  and  oxide  of  ethyk  no,  or  even  of  aldehyde.  Material  and 
patience  began  to  fail  when  I  had  reached  this  point,  and  I  must 
reserve  the  decision  of  this  question  to  later  experimcntsf* 

The  same  remark  applies  to  tlie  final  elucidation  of  the  re- 
action between  triethylphoaphine  and  bromide  of  vinyl,  Avhicb,  as 
I  have  pointed  out,  likewise  gives  rise  to  the  formation  of  diphos- 
phonium-oompoundB.  Two  molecules  of  triethylphosphnie  and 
two  molecules  of  hromide  of  yinyl  contain  the  elements  of  one 
molecule  of  dibromide  of  the  ethylene-diphosphonium  and  one 
molecule  of  acetylene : 

a[(C,HJ,P]  +  2C,H,Br  =  [  (C,H«)"  jc^j^pJBr,  +  C.H,i 

and  experiment  proves  that  a  considerable  amount  of  permanent 
gas  is  generated  in  this  reaction ;  but  there  are  other  products 
formedj  and  it  would  be  idle  to  dwell  any  longer  on  the  interpre- 
tation of  these  unfinished  obserYations. 


In  conclusion,  I  append  Q*  Sella's  cr}'stallographical  examina- 
tion  of  the  iodide  of  tetrethylphosphonium^  to  which  I  have 

*  T  need  eetreely  mention      the  parity  of  tlie  oomponnd  mod  in  my  experimontB 

had  1)1  '-n  established  by  a  Bpecial  analysis.  When  prepared  from  iruperfcotly  puri- 
fied brometbylated  bromide,  the  oxcthylated  basti  k  a^t  to  contain  minute  quantitioii 
of  the  bydnte  of  the  dipho^^pboninm. 

tThc  convfTtiKilily  of  the  oxcthylated  tri'  th\ljilingphoniiiin-flalt«  info  diatomio 
compounds  haii  induced  me  to  ti;y  whether  the  action  of  thcthylphoaphine  upon 
tiMm  would  sooompUsli  this  Unneformation ; 

[(C,H.O)  {C,H»).P1 1 Q  ^  ^c,n,),P  =  ^^^^^*y'  CCaH.).  PJ"  | 

But  even  when  heated  up  to  150°,  the  two  bodies  remain  nn.i't.  rrd  ;  nor  is  there 
any  action  when  the  oxide  ib  replaced  by  the  bromide  of  oxothyi-tricthylphospho* 
ninm. 
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alluded  in  the  latter  partion  of  this  papeor,  and  also  the  resolta 
obtained  by  him  in  mearaxiiig  the  oorreaponding  pktiniim- 
aalt. 


Crystalline  form  oj  Iodide  qf  Tetrethylphosphonium. 


Sjratem  rhombohediic 

111,100  =  69^82'. 

Forms  observed : — 
.111,  101,  100,  110,  210,  SlI 
(Kg  47). 


FdriDB  obaerred: — 


Fig.  48. 


a',  iT,  P,  b\  b\  e,. 


Fig.  49. 


Fig.  47. 


Fig.6a 


Combiuatioiia  obaerred > 

81  T;  100,  lOl  (Fig.  48). 

811,  111,  100  (Fig.  49). 

811,  111,  101;  100  (Fig.  50). 

8ll,  110,  100;  lOr,  210(1^.61  and 52). 

811,  100,  110;  101,  210,  111. 
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The  crystals  prrpRrcd  by  treating  trietbylphoAphine  with  iodide 
of  ethyl  exhibit  the  iurms  i^'igs.  51  and  52* 


Fig.  51. 


Pig.  52. 


The  crystals  obtained  by  submitting  tlie  liydrated  diphos- 
phoninm  to  the  action  of  heat  and  neutralizing  the  alkaline 
renduary  product  with  hydriodic  add,  haye  the  form  Fig.  48, 
.when  rather  large  and  slightly  yellow,  and  the  forms  Fig8<  40 
and  50,  when  minute  and  perfectly  white. 

The  crystals  of  the  form  Fig.  50  are  most  ircqoent ;  they  seem 
to  have  ^hered  to  the  Teasel  with  one  of  the  larger  faces  of  the 
prism  101. 

Crystals  distinct.    Lustre  on  the  faces,  except  111,  very  great. 

Crystals  optically  positive.  The  indices  of  refraction  are  for  the 
ordinary  ray  w  =  l  OGO,  for  the  extraordinary  ray  e  =  1.GG8. 

The  crystals  of  iodide  of  tetrethylphosphonium  are  isomor- 
phous  with  those  of  iodide  of  silver.  In  the  latter  substance, 
111,  100  =  58P  27',  instead  of  69*  82',  found  in  the  tetrethylphos- 
phonium-salt.  Both  salts  have  the  same  liexagonal  habitns,  and 
both  aie  optically  positive.^' 

OryUaUmeform  qfthe  PUUmm  SaU  o/  TdrHhylpkMphoiiihm. 

Fig.  53. 


"  System  monometric : — 

Forms  observed : — 

100,  111  (Fig.  53). 


The  faces  of  the  cube  10  0  are  very  brilliant  j  those  of  the 
octohcdrou  111  are  often  hollow. 
No  iuflucucc  on  polarized  light. 
Colour  orange-red." 


« 
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IX. — Oil  the  Icefmuad  under  the  surface  qf  the  Water  in  Rivera, 

called  Groumd  Ice. 

By  BiCBABD  AoiB.  Liverpool. 

The  ice  found  in  the  bed  of  a  river  or  running  stream  under 
the  surface  of  the  water,  is  a  subject  which  has  engaged  the 
attention  of  men  of  science,  to  endeavour  to  account  for  its  occur- 
rence in  an  apparently  unnatural  position,  while  it  h;us  also  forced 
itself  on  the  attention  of  practical  men,  on  account  of  the  mischief 
which  an  accidental  obstruction,  such  as  a  branch  of  a  tree 
Iodised  in  the  bed  of  a  mill-course  has  been  found  to  occasion 
when  the  water  is  charged  with  ice  particles. 

I  believe  that  I  was  among  the  first  to  state  that  ground-ice 
is  formed  in  the  coldest  part  of  a  streaiDj  and  that  the  small  crystals, 
immediately  after  tliey  are  formed,  are  carried  along  by  the  current, 
submerged  and  entangled  by  plants  or  other  obstructions  in  the 
bed  of  the  stream  suitable  for  their  detention. 

In  the  recent  firost  of  December  and  January  1860-61, 1  searched 
for  groand*ice  where,  in  past  years,  I  had  found  it.  Yet,  though 
this  firost  was  the  most  severe  that  has  visited  us  during  the  six^ 
years  of  the  century,  I  found  ground-ice  only  in  one  locality, — a 
shaded  place,  where  I  was  induced  to  search  for  it  irom  seeing 
bundles  of  ice-crystals  floating  down  the  stream;  for  I  had  before 
observed  that  where  groond-ioe  exists,  some  of  it  is  constantly 
breaking  off  from  the  moorings*  In  this  instance,  the  ice  sur- 
rounded a  stone  covered  over  by  the  water  of  a  rivulet  which  leaves 
the  Marquis  of  Aberoom*s  grounds  at  Duddingston,  near  Edin- 
burgh. 

The  other  streams  which  I  examined  in  the  neighbourhood  of 
Edinburgh  shewed  no  floating  crystals  or  other  indications  of  the 
presence  of  ground*iee ;  they  appeared  to  be  well  supplied  with 
water,  which,  coming  from  underneath  a  covering  of  snow,  was 
un&voarable  for  showing  this  kind  of  ice.  • 

In  the  frosts  of  1854  and  of  1855,  I  found  grt)und-ice  in  a 
number  of  rivers.  These  frosts  differed  from  the  recent  one  by 
penetrating  into  the  ground  to  a  greater  extent.    In  18ol,  the 
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frost  entered  into  tbc  ground  to  the  deptli  of  1 1  i  inches,  and  that 
of  1855  to  13  J  inches.  In  I8r>0-1  the  earth  had  merely  a  crust  of 
frozen  soil  under  the  snow.*  The  general  calmness  of  the  weather 
must  likewise  have  had  infliirnce;  for,  in  an  exposed  district  in 
the  neighbourhood  of  Liverpool,  I  1ia\  c  rcpeatedlv  found  quantities 
of  ground-ice  after  two  days'  moderate  fi'ost,  accompanied  by  a  dry 
brisk  wind. 

Those  who  have  examined  ground-ice  appear  to  think  that  the 
water  has  froscn  in  the  bed  of  the  river,  the  current  preventing  it 
from  freesing  in  its  natural  place — the  swrhioe.  The  appearance 
of  the  masses  formed  do  not  favour  this  view :  for  many  shady 
positions  in  streams  are  noted  for  exhibiting  collections  of  ice  that 
oonld  never  have  frozen  there.  To  ascertain  the  nature  of  ice, 
when  formed  under  water,  on  the  sides  of  a  containing  vessel,  I 
produced  it  rapidly  by  a  freesing  mixture,  when  the  ioe  assumed  a 
Yory  hard  ibrm« 

A  sma]l  stream  about  twel?e  miles  itom  Inverpool,  where  it 
joins  the  river  Alt,  is  extremely  fkvourable  for  showing  the  phe- 
nomena of  ground4oe  in  an  open  exposed  district  I  first  saw  it 
there  in  December,  1846;  and  ss  I  have  since  often  examined  the 
ioe  in  the  beds  of  streams,  I  wish  to  mention  that  the  circumstance 
which  appears  to  me  most  fitvourable  for  its  formation,  is  wind 
accompanying  the  firost.  On  18th  Beoember,  1846,  the  ground- 
ice  was  plentifhl;  my  note  at  the  time  states  that  the  firost 
had  not  been  severe,  but  the  air  had  been  very  dry,  with  a  brisk 
wind. 

Ground-ice  is  capricious  both  in  its  time  and  place  of  settlement. 

On  3rd  January,  1854,  I  saw  it  in  very  large  quantities  in  the 
bed  of  the  Eden  a  little  above  Carlisle.  In  February,  1855,  after 
a  frost  which  had  gone  deeper  down  in  the  ground  than  the  one  of 
the  previous  year,  I  searched  the  same  part  of  the  Eden  without 
seeing  any ;  there  were  a  sufficient  number  of  loose  ice  crystals 
floating  down  the  stream  to  render  it  probable  that  grouud-ice 
existed  higher  up.  On  the  same  day  1  had  seen  ground-ice  in  the 
Kibble  above  Preston,  but  none  in  the  Lune  above  Lancaster. 
After  I  had  become  satisfied  that  the  position  of  ground-ice  is 

*  Since  the  alwvc  wag  irritten,  the  writer  has  been  informed  by  a  friend  residing 
fifteen  miles  west  of  Edinburgli,  where  the  huow  wa8  uol  no  deep,  that  the  frost  in 
that  locality  penetrated  the  gnmad  to  the  depth  of  «a  ineb ;  sad  in  a  very  tem  plaeesy 
where  the  ground  had  been  denuded  of  snow  by  the  wind,  the  earth  was  frosea  to 
the  depth  of  thirteen  indies. 


Digitized  by  Google 


▲DIB  ON  OBOUVD  lOE. 


118 


one  of  lodgment  merely,  I  have  been  in  tlie  habit  of  searching  for 
it  where  the  streams  pass  under  stone  arches  and  places  most 
unfavourable  to  freezing,  and  in  these  localities  I  have  several 
times  found  it.  The  masses  I  have  referred  to,  as  seen  in  the 
Eden  in  1851,  must  have  been  lodged  there:  for  they  contained 
throughout  their  substance  a  few  water-worn  pebbles,  and  they 
were  all  inclined  towards  the  current  from  whence  they  were 
receiving  continual  tnpplies.  I  conld  not  get  at  the  collections  of 
ice  to  measure  them,  as  they  were  all  onder  the  sur&ce  in  a  deep- 
flowing  part  of  the  stream;  bnt  one  rose  so  near  the  surface  as  to 
give  a  ripple  to  the  cnrrent,  and  appeared  to  be  from  4  to  6  feet 
high. 

NoU(mMr.AdUf9Pi^**OnQromdIc€/* 
By  £.  Feanklan D,  F.  &.  S. 

Thb  formation  of  groimd-ioe  has  excited  considerable  interest 
amongst  the  pbsemrs  of  natmral  phenomena,  and  various  suggcs- 
ticna  have  been  made  to  account  for  its  prodnetion.  One  of  the 
most  ingenious  of  these  assumes  that,  in  rapidly-flowing  streami^ 
the  eddies  and  currents  cause  such  a  constant  intermingling  of  the 
upper  and  lower  water-strata,  as  to  render  the  whole  mass  of  the 
stream  of  one  uniform  temperature.  When  such  a  stream  becomes 
cooled  down  to  the  frcrzing-point,  the  usual  surface-layer  of  cold 
water  below  SD  o'^  F.  cannot  of  course  be  formed.  The  rocks  and 
other  solid  bodies  in  the  bed  of  the  stream  continue,  however,  to 
radiate  heat  through  the  water  into  the  atmosphere,  and  thus 
become  reduced  in  temperature  below  the  freezing  point;  the 
necessary  consequence  of  such  a  state  of  things  being  the  forma- 
tion and  gradual  accumulation  of  ice  around  such  solid  bodies. 

The  latter  part  of  this  hypothesis  appears  to  be  untenable,  inas- 
much as  water  is  absolutely  intrauscalcnt  to  rays  of  obscure  heat : 
consequently,  the  j>assage  of  such  rays  from  the  bed  of  the  stream 
througli  a  stratum  of  water  is  absulutcly  impossible.  It  appears 
to  me  that  the  formation  of  ground-ice,  which  is  well  known  to 
take  place  only  in  rapidiy-ilowing  streams,  depends  upon  the  fact 
that  ice,  like  other  crystalline  bodies,  deposits  itself  more  readily 
upon  rough  surfaces, — freezes,  in  fact,  at  a  somewhat  higher  tem- 
perature when  in  contact  with  such  surfaces,  than  within  the  maas 
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of  liquid  itself.    Hence,  when  a  rippling  stream  is  cooled  to  the 

freezing  point,  .ice-crystals  attach  themselves  to  the  pebbles  and 
other  objects  in  the  bed  of  the  river,  tliese  crystals  foriniug  equally 
inviting  nuclei  fur  liic  further  deposition  of  larger  quantities  of 
ground-ice. 

The  tendency  of  ground-ice  to  form  in  shady  plac^,  as  mentioned 
by  Mr.  Adie,  is  an  interesting  observation,  which  may  probably 
find  an  explanation  in  the  circumstance  that  water  and  ice,  although 
perfectly  uuable  to  transmit  obscure  rays  of  heat,  are  yet  to  a  certain 
extent  transcalent  to  fhminous  heat.  Tyndall  has  shown  that 
certain  interior  portions  of  a  block  of  ice  may  be  melted  by  lumi- 
nous heat,  which  has  ah'eady  passed  through  a  considerable  thick- 
ness of  ice;  and  it  is  well  known  that  if  a  mass  of  ice  containing 
tax  embedded  pebble  be  exposed  to  the  solar  rays,  the  ice  around 
the  pebble  soon  becomes  melted.  Any  exposure,  therefore,  of 
ground-ice  and  its  sapemataat  water  to  solar  radiation  would  have 
the  effect  of  warming  the  non-icy  nuclei ;  thus  rem  citing  during 
the  day,  a  portion^  at  leasts  of  the  ground-ice.  which  had  been 
formed  daring  the  previous  night :  consequently  such  an  exposure 
must  he  regarded  as  presenting  an  Obstacle  to  the  fimBatum  of 
this  hind  of  ioej  ahhongh  it  is  well  known  to  fimur  the  pro- 
duetian  of  the  ordinaiy  auifiuse  ioe. 


X. — On  the  Putrrfaction  qf  Bile,  and  the  Anedym  and  Theory 

GaUstonee* 

Bj  Br.  Thvuicbvx. 

In  October,  1859,  I  communicated  to  the  Medical  Society  of 
London  a  Paper,  in  wliich  I  described  easts  of  the  biliary  ducts, 
which  I  had  discovered  in  the  centre  of  human  gallstones.  As 
these  casts  consisted  principally  of  brown  colouring  matter  of  bile, 
or  that  modification  of  eholochrome  termed  cholophaeine,  I  first 
studied  the  chemical  nature  of  that  substance,  in  order  the  better 
to  understand  its  beariuir  on  the  processes  in  which  it  played  so 
conspicuous  a  part.  The  results  of  these  inquiries  I  communicated 
to  the  Physiological  Section  of  the  British  Association  for  the 
Advancement  of  Science^  at  the  Oxford  Meeting  in  1860,  and  an 
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abstract  of  my  communication  has  appeared  in  the  "  British  Medical 
JournaP'  for  July  14th,  1860.    I  proved  that  cholochrome  is  au 
amido-acid  $  that  it  is  deoompoied  by  nftroas  acid,  with  evolution 
of  nitrogen,  and  yields  a  neir  wadr^-ckahehromut  aeidf^mhkk  is 
free  firom  nitrogen,  and  in  its  ciystaUized  state  resembles  the  «ab» 
stance  termed  by  Virchow  ''hflematrndine,''  but,  nevertheless, 
diflfers  from  it  in  many  partionlar  properties.   I  described  several 
other  products  of  decompodtion  and  reactions  of  cholochrome,  and, 
amcfbg  them,  the  most  important  one,  viz.,  that  it  is  precipitated 
during  the  pntreiaction  of  bile  from  the  solution  in  which  it  was 
held  by  the  healthy  fluid.   This  led  to  the  re-investigation  uf  the 
process  of  putre&ction  of  bile,  which  had  already  been  instituted 
by  former  observers ;  and  I  was  not  merely  enabled  to  oonfiimthe 
principal  fbaiures  of  the  description  given  by  Gorup-B  esanea,  bat 
also  to  add  some  new  facts,  explain  the  origin  of  some  substances 
discovered  by  him,  and  construct  a  theory  of  this  process  of  decom- 
position, which  led  me  up,  almost  in  a  straight  line,  to  the  theory 
of  fi;allstonca.  On  subjecting  large  quantities  of  material  to  chemical 
analysis,  these  concretions  yielded  the  same  substauccs  as  those 
which  iiiadc  up  the  deposit  of  putrid  bile,  with  the  sole  exception 
of  mucus,  of  which  little  or  none  could  be  found  in  gallstones. 
Of  these  researches  I  gave  a  short  account  to  the  British  Medical 
Association  at  their  Annual  Meeting,  held  in  1860,  at  Torquay. 
While  able  to  accompany  the  leading  ideas  by  the  exhibition  of 
specimens,  progressively  proving  every  stop  of  my  analyses,  the 
limitation  of  the  time  imposed  upon  me  })y  eiivumstances  on  that 
occasion  did  not  permit  me  to  do  justice  to  the  subject.    I  there- 
fore more  fully  expounded  my  ideas  before  the  Medical  Society  of 
London,  in  a  Paper  read  })efore  them  on  October  8th,  18G0,  and 
reported;  in  abstract,  in  the  "British  Medical  JoumaP'  for  Octo- 
ber 13th,  and  the  contemporaneous  numbers  of  the  other  medical 
periodioais.  I  then  exhibited  cholochrome,  cholio  mad,  and  earthy 
salts,  as  essential  constituents  of  gallstones  in  man  and  animala* 
I  eharaeteriaed  the  dudestcrine  in  gallstones  of  man  as  a  secondary 
ingredieBt,  calling  for  new  analyses  to  prove  the  freedom  from 
cholio  luad  of  coneretioiis  reported  to  have  consisted  of  pure  chole- 
steriue.   Having  come  to  the  oouviction  that  the  binding  material 
of  gailatonea  is  dmlic  and  ohdoidic  acid,  I  eliminated  as  untenable^ 
the  idea  of  an  inspissation  of  mueua  in  the  formation  of  these  oon- 
crelions,  which  had  hitherto  been  the  gnmndwork  of  all  sj^ecolations 
upon  their  origin* 
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In  the  present  communication  T  propose  to  give  a  short  analysis 
of  my  results  as  a  preliminary  guide  to  the  reader,  and  then  to 
describe  the  chemical  proceedings  which  I  adopted  for  the  purpose 
of  ascertaining  the  oompositioiL  of  kumaii  aud  bovine  gallstones 
and -of  ox-bile. 

7%eoyy  GaUatonef, 

In  some  ezamination^of  human  gallstones,  I  had  found  a  resinona 
biliaiy  matter;  but,  owing  to  the  small  quantitjr  and  the  refirao- 
tory  nature  of  the  snhstancei  and  particularly  to  the  difficulty  of 
separating  it,  I  had  not  been  able  to  identify  it.  The  ezaminatioa 
of  some  oz-gallstones  afforded  an  opportunity  for  setting  tfaia 
point.  I  extracted  a  large  quantity  of  cholic  and  choloidic  acid 
firom*them,*-a  quantity  such  as  could  never  be  derived  from  any  bile 
with  which  the  calculi  might  be  supposed  to  have  been  soaked  at 
the  time  they  were  taken  out  of  the  gall-bladder.  There  could  be 
no  doubt  that  both  choUo  and  choloidic  acids  had  been  deposited, 
together  with  the  chdodirome^  during  the  pathic  prooen  in  the 
living  animal. 

The  presence  in  almost  all  biliary  concretions  of  some  earthy 
and  alkaline  salts,  points  in  the  sinne  tUi  Lction.  They  are,  and  were, 
in  my  analyses,  either  present  as  phosphates  and  carbonates  of  lime 
and  magnesia,  and  could  be  extracted  by  hydrochloric  acid,  or  they 
were  combined  with  the  colouring  mutter  of  bile,  and  with  stearic 
and  palmitic  acid.  In  gallstones  from  man,  the  colouring  matter 
was  accompanied  by  a  larger  proportion  of  inorganic  salts ;  but  in 
gallstones  of  the  ox,  the  quantity  of  cholochrome  preponderated  to 
so  extraordinary  a  de-j-ree  over  tlie  earthy  matter,  that  it  must  be 
assumed  to  be  present  iu  the  free  state,  and  not,  as  Bramson 
supposed  it  to  be,  always,  viz.,  combined  with  lime. 

Cholochrome,  cholic,  and  choloidic  acids,  and  earthy  salts,  thus 
present  themselves  as  substances  without  the  concurrence  of  which 
the  more  common  forms  of  gallstones  would  rarely  be  formed ; 
they  are,  in  other  words,  essential  ingredients  of  gidlstones.  In 
man,  gallstones  contain  a  large  amount  of  cholesterinein  most  cases, 
but  that  is  a  secondary  ingredient,  as  the  phosphatic  crust  is  of  the 
uric  acid,  or  oxalate  of  lime  calculus  horn  the  urinary  bladder,  and 
is  mostly  crystallised  around  the  other  matters  forming  the  nucleus. 
There  are  human  {gallstones,  which,  like  those  from  tlie  ox,  contain 
no  cholesterine.    Others  are  said  to  consist  entirely  of  chole- 
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Bterine, — a  statement  which  has  to  be  verified  by  fresh  analyses, 
which  must  prove  the  absence  of  cholic  and  cboloidic  acid*  In 
gaUstcmeB  from  man,  stearate  and  palmitate  of  lime  are  mostly 
present;  and  it  remains  to  be  seen  how  far  those  substances  can 
assist  in  effecting  the  concretion  of  the  detached  particles  of  cholo- 
chrome,  which  I  now  ascribe  to  the  cholic  and  choloidic  add.  Let 
ns  therefore  dismiss  the  hypothesis  of  the  insfdssated  mncus,  or  the 
inspissated  bQe,  whidi  figore  in  our  pathogeny  as  the  mortar  which 
combines  the  partides  of  the  nndeus:  macns  is  not  foond  in 
gallstones;  and  an  inspissation  in  the  midst  of  fluid  bile  is  quite 
incomprehensible.  Moreover,  even  an  indubitable  inspissation  of 
bile  could  not  lead  to  an  insoluble  concretion.  We  may,  therefore,- 
i^ect  this  hypothesis,  and  admit  that  the  limimg  material  €f  the 
nudeus  of  galhUmes  i»  ehoUc  aad^  or  eholoidie  acid,  cr  Mh. 

The  process  by  which  gallstones  are  formed  appears  analogous 
to  that  which  produces  that  rare  description  of  calculus  in  the 
urinary  passapces, — the  phosphatic  or  fusible  calculus.  It  is  a 
dcconipositioii  of  the  bile  akin  to  putrefaction.  The  corapound 
amido-acids  split  up  into  their  constituents,  under  the  influence  of 
a  cause  which  remains  to  be  ascertained,  but  is  probably  a  putrid 
ferment  absorbed  from  the  intestinal  canal.  Under  the  influence 
of  a  little  acetic  acid,  formed  out  of  glycocoU,  and  some  other  new 
acid  produced  by  tlic  putrefactive  change,  perhaps  valenanic  acid, 
cholochrome,  a  quantity  of  cholic  acid,  and  a  portion  of  choloidic 
acid,  together  with  some  salts  and  little  fat,  are  deposited.  This 
is  the  process  in  the  ox,  and  sometimes  in  man.  But  the  bile  of 
man  differs  in  this  respect  from  tlmt  of  the  ox,  that  it  contains 
cholesterine,  while  that  of  the  ox  contains,  at  the  most,  only  a 
very  small  quantity  as  compared  to  the  other.  This  cholesterine 
is  dissolved  in  the  taurocholate  of  soda.  But  as  soon  as  the  acid 
of  this  salt  is  deoomposed,  the  cholesterine  is  set  free,  erystallices, 
and  deposits  upon  any  particle  that  may  happen  to  be  within  easy 
distance,  in  the  manner  of  all  crystals,  which  like  to  post  them- 
selves upon  prominent  bodies. 

Numerous  are  the  modifications  which  this  prooess  may  undergo; 

but  their  discussion  must  be  reserved  for  future  occasions.  The 

presence  of  chloride,  of  sodium,  iron,  copper,  and  other  inorganic 

matters  in  gallstones,  has  no  doubt  a  significsnce  in  eadi  case,  but 

a  subordinate  one.   In  some  gallstones  from  the  oi,  I  have  again 

found  a  sulphurous  compound,  already  observed  by  Bolle  in  1862. 

When  boiled  with  hydiocldoric  add,  they  gave  out  vapours  whidi 
« 
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smelt  like  siilphuretted  hydrogen,  and  blackened  lead-paper.  I 
ooileoted  them '  in  caustic  potassa,  mixed  with  some  solution  of 
anenioOB  acid.  On  snbscqnent  acidification,  a  yellow,  somewhat 
orange-eoloared  deposit  of  a  sulphur-compoimd  of  an^enic  was 
formed ;  but  after  drying,  it  had  become  brown  and  hard,  aud  on 
sublimation,  yielded  tersolphide  of  arsenic,  bendea  leaving  a  qoaa* 
tity  of  charcoal;  thus  proving  that  the  gas  was  a  componnd  of  a 
oarbonaoeooa  and  a  flolphnrous  body  in  a  volatile  form,  or  a  mix-* 
tore  of  two  analogona  aobstaneea. 

Puir^um  (if  BUe. 

Some  large  bottles,  foil  of  bile,  and  weU  stoppered,  bad  been 
allowed  to  stand  for  the  period  of  two  years  and  one  year  respec- 
tively. The  bile  had  assnmed  a  feebly  acid  reaction,  a  bri^^ht  port 
wine  colour,  and  had  deposited  a  copious  flaky,  green  and  brown 
deposit,  mixed  with  white  chalk-like  particles  and  greenish  crystals. 
This  deposit,  on  analysis,  was  found  to  consist  of  choloehrome, 
cholic  acid,  phosphate  of  lime  and  magnesia  in  (lichroic  crystals, 
and  mucus.  The  fluid  part  of  the  bile  was  found  to  contain  prin- 
cipally choloidate  of  soda,  with  little  eholate,  taurine,  valerianate, 
and  acetate  of  soda  and  ammonia,  phoisphatc  of  soda,  but  no  glyco- 
coU,  nor  any  glycocholic  or  taurocholic  acid.  It  was  quite  clear 
that  the  bile  had  spontaneously  undersrone  a  decomposition  similar 
to  that  wliich  is  eftectcd  by  boiling  with  acids  or  alkalies, — a 
decomposition  which,  in  its  main  features,  has  already  been 
described  by  Gornp  I^esanez.  Glychocolic  and  taurocholic  acids 
had  split  respectively  into  glycocoU,  taurine,  and  cholic  acid. 
The  eholate,  probably,  or  some  other  decomposing  substance, 
had  yielded  valerianic  acid,  which  had  combined  with  soda,  or 
with  ammonia,  which  latter  probably  originated  in  the  decom- 
position of  glycocoll.  This  componnd  being  the  amido-acid 
of  acetic  acid,  no  doubt  in  this  process,  as  in  the  putre&ction  of 
nrine,  yielded  the  acetic  acid,  which  combined  with  the  necessary 
amonnt  of  soda,  and  precipitated  a  portion  of  the  cholic  acid,  while 
the  greater  portion  of  this  acid  remained  in  section  combined  with 
soda,  and  became  further  metamorphosed  into  choloidic  acid,  and 
peiliaps  other  prodocts  of  decomposition  of  an  add  nature.  The 
choloduome  had  no  doubt  been  precipitated  by  the  new  add 
before  cholic  add,  as  its  add  properties  are  mnch  less  pronounced. 


Digitized  by  Google 


PCTRBFAOTIOir  OF  BIUB. 


119 


The  port  wine  colour  of  the  fluid  was  probably  due  to  some  meta- 
morphosed choloehromey  poMibly  cholochromic  acid^  or  a  derivate. 
That  cholodufomej  choHc  taad,  and  crystallised  phoaphatea 
ave  precipitated  in  ^s  process  had  not  been  observed  by  Oornp* 
Besanes,  who  had  also  neither  found  valerianic  acid,  nor  explained 
the  origin  of  the  acetic  add,  which  he  nndonhtedly  disoovered.'^ 
These  observations,  then,  and  the  theory  of  the  process,  are  my  own 
additions  to  the  doctrine. 

Oornp-Besanes  extracted  also  a  mixture  of  &tty  acids  fi0m 
pntrid  bile,  among  which  he  believed  to  have  reoogniied  margaric 
add.  This  add,  or  its  fellow,  stearic  add,  is  a  component  of  the 
first  deposit  formed  in  putrid  Inle.  Bnt,  like  cholesterine  in  ox-  * 
bile,  this  ingredient  is  too  easily  lost  sight  of,  in  consequenoe  o£ 
the  small  quantity  in  which  it  is  present. 

When  G  orup-}^csanez  allowed  bile  to  decomp<^e  at  a  tempe- 
rature of  from  25°  to  30^  11,  exposed  to  the  free  access  of  the  air, 
for  a  period  of  three  weeks,  he  obtained  choloidic  acid  as  the  prin- 
cipal product  of  decomposition.  AVheu,  however,  he  exposed  bile 
to  the  air  for  three  months,  in  a  cellar,  at  a  temperature  varying 
between  10°  and  12°  R,  he  found  cholic  acid  instead  of  choloidic. 
In  both  cases,  the  decomposed  mass  had  an  ofifensive  ammoniacal 
smell  and  a  marked  alkaline  reaction.  Taking  into  consideration 
only  one  element,  viz.,  that  of  time,  he  concluded  that  choloidic 
acid  was  the  forerunner  of  cholic  acid  ;  that  the  latter  was  ])roduccd 
from  the  former ;  tluit  the  presence  of  cholic  acid  was  evidence  of 
a  more  advanced  stage  of  decomposition  than  that  of  choloidic  acid. 
But  he  omitted  to  take  into  consideration  the  most  important  fact, 
— that  the  specimen  of  bile  which  yielded  the  cholic  acid  had  been 
subjected  to  a  much  lower  temperature  than  the  spedmens  which 
yielded  the  choloidic  acid,  and  had  thus  been  influenced  by  dr- 
cumstances  which,  above  all  others,  retard  the  decomposition  of 
animal  matters.  His  assumption,  therefore,  while  unsupported  by 
any  direct  proof,  is  opposed  by  the  fact,  that  we  know  choloidic 
add  only  as  a  product  of  decomposition  of  cholic  acid ;  that  we 
cannot  reproduce  cholic  from  choloidic  acid ;  and  further,  by  the 
results  of  my  own  investigations,  which  showed  that  bile,  after  one 
year's,  and  after  two  years'  decomposition,  contsined  prindpally 
choloidic  add;  a  portion  of  this  biliary  dement  only  being  pred- 
pitated  in  the  form  of  cholic  add.  This  predpitate,  it  is  bnt  right 

*  Abb.  Oh.  Phann.  Ux,  1S9. 
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to  oondnde,  was  produced  at  a  time  when  cbblic  add  prerailed : 
fat  had  choloidic  add  prevailed  at  the  time  of  tbe  formation  of 
the  new  add  (acetic,  valerianic,  and  others),  the  deposit  must  have 
consisted  of  choloidic  add,  or  at  least  contained  some  choloidic 
add,  while  in  fact  it  contained  hardly  any,  or  none.  No  cholie 
add  remained  in  solution.  On  account  of  these  fects,  I  believe 
that  we  must  reverse  the  order  of  suocesnon  aisigned  to  those 
adds  hy  Gorup-Besanez,  giving  to  cholie  add  priority  in  tame,  to 
dioloidic  add  ultimate  supremacy,  and  ascribing  to  its  break-np 
into  the  fatty  adds  above-mentioned  the  destruction  of  the  biliary 
state. 

Bile  decomposed  at  a  moderate  temperature  during  nine  months, 
was  found  by  Gorup-Besanes  to  exhibit  an  add  reaction,  dne 
to  the  presenoe  of  acetic  add  in  a  free  state.  It  consequently  had 
the  same  reaction  as  the  spedmens  examined  hy  myself.  He  does 
not  state  in  what  condition  the  biliary  add  was  present ;  which  is 
much  to  be  regretted,  as  free  acetic  add  could  not  be  present  so 
long:  as  any  chelate  or  choloidate  remained  in  solution,  the  acids 
of  which  salts,  in  his  analyses^  he  always  precipitated  by  acetic 
acid. 


Diagram  ex/ubiting  the  JJecompoHHon  of  Bile. 
First  Stage.  The  bile  is  neutral  or  alkaline. 

TsMOcboUte  of  wda  yield.  ]  Taurine 

^,      VIA     *    J     •  ij    ^^Cholate  of  soda. 
Glycochokte  of  soda  yields  |Qiy^ocoll. 

Margarate  (Palmitatc)  and  stearate  of  lime)  ^re  denosited. 
Phosphate  oi  lime  and  maguesia  )  epoai 

Second  Stage*  The  bile  becomes  add  by  the  supervention  of  a 
new  (valerianic?)  add,  whose  origin  is  imdecided. 

Cholate  of  soda  deposits  cholic  acid. 

Soda-salt  of  new  add  is  formed. 

Cholochrome  (Cholophaeic  acid)  is  precipitated,  aud  partly  trans 
formed  iuto  soluble  cholochromatc 

„   .         (Acetic  acid. 
GlyeocoU  yield.  jAmmouia. 
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Third  Stage.  The  bile  continues  acid. 

Cliolate  of  soda  is  transformed  into  ckoloidate.  The  latter  deposits 

some  choloidic  acid  (?). 
Choloidate  of  soda  yields  fatty  acids,  products  of  decomposition ; 
amon<,'  them^  probably  derived  firom  glycocoU,  acetic  acid,  in.  the 
free  (?)  state. 

The  alkaline  condition  during  ihe  first  stage,  observed  by  Gor up- 
Besanes,  occurs  only  when  bile  putrefies  at  a  high  temperature^ 
so  that  the  mucus  undergoes  active  decomposition,  and  produces 
ammoniacal  compounds.  The  bile  upon  which  I  operated,  at  low 
temperatures^  and  with  moderate  aoceis  <tf  air,  I  oimld  not  at  any 
time  discom  to  be  aOraline.  In  one  case,  Gorup-Besanes 
observed  the  acid  reaction  to  give  way  to  a  second  alkaline  reaction^ 
but  did  not  notice  any  corresponding  essential  changes.  Owing  to 
these  uncertainties,  I  liave  not  distinguished  as  stages  the  neutral, 
alkaline,  aeid,  and  last  alkaline  conditions.  G  or up-Bcsancz  is  of 
opinion  that  the  decomposition  of  the  primary  biliary  acids  is  not 
effected  imtil  an  acid  reaction  of  the  bile  appears ;  because  only  at 
that  juncture  does  acetic  acid  produce  a  precipitate  of  eholic  or 
choloidic  acid.  But  this  negative  test  appears  to  me  only  relative : 
because  the  acids  may  be  decomposed,  and  yet  acetic  acid  may 
produce  no  immediate  precipitate,  more  acetic  acid  being  required 
to  cause  a  precipitate  at  the  period  when  the  bile  is  yet  neutral  or 
alkaline^  and  when  no  adventitious  acid  has  yet  taken  the  edge 
off  the  alkaline  phosphate  of  soda,  which  is  invariably  present 
in  bile,  and  though  not  very  evident  to  test-paper,  neutralises  some 
acid  before  an  acid  reaction  can  become  established.  To  the  naked 
eye,  the  first  stage  is  characterized  by  the  deposition  of  white  gra- 
nules, partly  on  the  top  of  the  fluid,  partly  at  the  bottom,  partly 
against  the  walls  of  tlie  vessel,  which  consist  of  palmitate,  stearate^ 
and  phosphate  of  lime.  All  the  stages  no  doubt  gradually  pass 
into  each  other;  and  the  above  diagram,  while  considered  useful 
for  illustration,  must  not  be  considered  as  an  abaolute  ^Uabus  of 
a  variable  process* 


Jnalysis  fif  human  ffaUsionei, 

I  must  here  distinguish  between  the  general  analysis  of  gall- 
stones, by  which  the  essential  constituents  are  found,  and  those 
qpedal  processes  which  are  directed  to  the  isolation  of  certain  leap 

VOL.  ZIT.  K 


Digitized  by  Google 


122  DR.  TntJDXCHOM  OH  THS 

• 

frequent  ingredienti^  such  as  copper^  mimganeee^  rolpbides,  or 
uric  acid.  Those  human  gallstonea  which  conatst  prindpally  of 
cholochrome^  are  to  be  analysed  by  the  process  which  will  be 
detailed  lower  down  as  applicable  to  gallstones  from  cattle.  For 
the  analysis  of  the  common  cholesterine  concretion  from  man^  the 
following  prooen  will  be  found  suitable. 

The  powder  of  .the  calculi  is  gradually  thrown  into  hot  benisole^ 
contained  in  a  flashy  placed  on  a  sand-bath.  The  cholesterine  and 
biliary  matters  are  dissolTed,  while  chdochromes  earthy  phos- 
phatesi  earthy  salts  of  fatty  acids^  and  any  other  iDgredienta 
remain  suspended  and  unchanged.  Solution  and  reridue  are 
separated  by  filtration.  The  matter  on  the  filter  is  washed  with 
repeated  quantities  of  benzole,  lastly  with  cold  alcohol,  and  dried. 
It  then  presents  itself  as  a  brown  powder,  "which  is  very  delicate 
to  the  touch,  imparting  an  almost  velvety  feci.  Treated  on  tlie 
filter  with  absolute  ether  containing  little  nitric  acid,  it  yields 
fatty  acids  to  the  ether,  which,  on  distillation  of  the  ether  from  the 
filtrate,  are  deposited  in  a  granular  and  crystalline  form.  If  the 
residue  on  the  filter  is  next  treated  with  water,  phosphate  and 
nitrate  of  lime  and  magnesia  are  extracted,  and  remain  as  phos- 
phates and  carbonates,  sometimes  coloured  blue  by  copper,  on 
evaporation  of  the  solution  and  incineration  of  the  residue.  The 
colouring  matter,  extracted  with  ether  and  nitric  acid  and  water, 
is  free  from  fatty  matter,  luit  retains  some  earths,  w^hich  can  only 
be  obtained  by  burniuf^  tlic  eholoehrome,  or  by  dissolving  it  in 
carbonate  of  alkali,  when  the  earthy  and  other  insoluble  inor- 
ganic and  organic  matters  remain  behind.  They  are  then  inciner- 
ated and  the  ashes  added  to  the  earths  extracted  by  add  and 
water. 

The  carbonate  of  lime  may  be  recognized  by  the  effervescence, 
which  takes  place  on  dissolving  the  earthy  salts  in  hydrochloric 
add.  The  subsequent  addition  of  ammonia  in  excess  predpitates 
the  phosphates,  while  the  lime  which  before  had  been  as  carbo- 
nate, remains  in  solution,  and  may  be  predpitated  by  phosphate 
of  soda  or  oxalate  of  ammonia.  From  the  original  bensole  soluw 
tion,  cholesterine  is  best  obtained  by  evaporating  the  solvent,  and 
treating  the  residue  with  boiling  spirit  of  wine.  On  cooling,  the 
cholesterine,  which  before  had  been  greenish,  crystallises  in 
the  usual  glistening  white  plates,  while  the  solution  retains  the 
brownish-green  coloured  biliary  matters.  On  evaporation,  a  small 
quantity  of  a  mixture  of  cholesterine  and  &t  i»  deposited.  That 
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and  the  rest  of  the  alcohol  being  removed,  there  remains  a  brown 
resinous  mass,  insoluble  in  water,  soluble  in  alcohol,  and  solul^le 
in  caustic  potassa ;  an  excess  of  caustic  ley  added  to  the  sohitioii 
causes  the  separation  of  a  resinous  salt,  which  floats  on  the  top 
of  the  caustic  fluid.  From  the  solution  in  potassa,  it  is  pre- 
cipitated By  hydrochloric  acid.  It  combines  with  lime  and 
baryta,  formiDg  inaoluble  componnda^  and  it  therefore  choloidic 
acid,  though  brown  and  impure,  and  perhaps,  as  suggested  by 
the  analyns  of  ox-gallstones,  mixed  with  some  cholic  acid.  It 
yields  a  small  quantity  of  matter  to  boiling  water ;  but  the  natiitv 
of  this  extract  could  not  be  determined  by  crystallisatioiiy  as  was 
the  case  in  the  analogous  extract  from  ox-gallstones. 

In  his  directions  for  analysing  human  gallstones,  Simon  refers 
hypothetically  to  the  presence  of  biliary  resin,  without,  however, 
statine;  Hp  j«esenoe  as  a  positive  oocnrrence,  or  grasping  its  signi- 
ficance. In  the  ordinary  analysis  of  gallstones,  which  began  with 
the  extraction  of  the  powder  ^by  means  of  caustic  potassa,, — a  pro- 
cess mainly  directed  to  the  purification  of  cholesterine,  choloidic 
(and  cholic)  acid  remained  with  the  diolochloine  ^produced,  from 
which  it  could  afterwards  be  scarcely  separated.  When  the  ana- 
fysis  of  gallstones  had,  howcTcr,  fi>r  its  principal  object  the  pre- 
paration of  cholophaeinc,  the  spirituous  mOther-Hquor  of  chole- 
sterine was  not  thought  of  8uffi<^t  importance  to  deserve  further 
•emtiny ;  and  even  if  it  had  been  granted,  it  is  possible  that  the 
fittj  sidts  dissolved  by  the  boiling  spirit  (which,  in  the  analysis 
with  benzole,  remain  undissolved,  and  afis  Slbsequently  decomposed 
with  acid  and  extracted  with  ether  and  Water),  would  have  made 
the  separation  of  the  choloidic  acid  a  matter  oi  coui^iderablc  diffi- 
culty. 

Analysis  of  ox-gMUttmuB, 

The  gallstones  arc  powdered,  and  boiled  with  water  during  three 
hours.  The  dark-l)rown  extract  is  removed  by  filtration,  and  the 
residue  on  the  filter  washed  during  three  days  with  boiling  water, 
— that  is,  until  the  filtrate  comes  away  colourless.  The  powder  is 
then  dried  in  the  watcr-bath.    The  water-extract  is  evaporated. 

It  is  then  boiled  for  several  hours  with  alcohol  of  80*"  strength, 
which  also  acquires  a  dark  colour,  and  is  separated  by  filtration. 
The  residue  is  for  several  days  washed  vrith  boiling  alcohol,  and 
dried.  The  primacy  filtrate  is  allowed  to  cool  by  itsdf  and  the 
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wasliiiigs  are  evaporated  by  thenuelTea.  The  ahxihoUo  eztraot  Is 
farther  analysed,  as.  will  be  detailed  lower  down. 

The  powder  is  next  mixed  with  water  in  a  flask,  and  a  quantity 
of  hydrochloric  acid  added.  A  slight  frothing  ensues,  and  the 
smell  of  sulphuretted  liydiogeii  is  at  once  perceptible;  lead-paper 
is  turned  bhack  by  the  gas.  It  is  therefore  necessary  to  perform 
the  extraction  with  hydrochloric  acid  in  a  gas-evolution  bottle, 
with  fuunel  for  the  addition  of  the  acid,  and  two  tubes,  one  for 
passing  a  current  of  air  through  the  acid  fluid,  the  other  for  con- 
ducting the  gases  through  an  alkaline  solution  of  arsenious  acid, 
coloured  blue  by  litmus.  In  my  first  analysis,  this  alkaline  solu- 
tion was  contained  in 
two  bottles,  and  as 
soon  as  the  acid  va- 
pours had  coloured  the 
litmus  red,  the  first 
bottle  was  removed, 
the  second  bottle  put 
in  place  of  the  first, 
and  a  new  bottle  in 
the  place  of  the  second. 
All  the  snlphuretted 
hydrogen  was  driven 
out  of  the  mass  hy 
boilingy  and  a  cur- 
rent of  air  was  passed 
throogh  the  fluid,  and 
absorbed  in  the  alka- 
line fluid.  The  united 
solutions,  on  addition  of  an  excess  of  hydrochloric  acid,  precipi- 
tated ydlow  flakes  of  a  salphur-ebmponnd  of  arsenic,  which, 
collected  cm  a  €lter,  washed  and  dried,  weighed  1*8  grains,  corre- 
sponding to  0*743  grains  of  hydrosulphuric  acid.  On  drying,  this 
precipitate  became  brown  and  hard,  and,  on  sublimation,  yielded 
tersulphidc  of  arsenic,  as  already  stated,  besides  a  quantity  of 
charcoal.  That  so  small  a  quantity  of  this  sulphur-compound 
should  have  been  obtained  from  about  six  ounces  of  gallstones  is 
explained  by  the  experience  of  Bo  lie,  who  analyzed  two  gall- 
stones, only  one  of  which  yielded  sulphuretted  hydrog^cn. 

The  residue  which  remains  after  the  removal  of  the  bydro- 
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chloric  acid  extract,  consists  of  choloclirome  with  traces  only  of  the 
original  admixtures. 

The  water-extract,  on  evaporation,  yields  a  syrup,  of  a  faiutly 
acid  reaction,  mainly  bile.  It  is  soluble  in  water  and  spirits,  and 
no  crystalline  organic  compound  is  deposited  from  it,  even  after 
months  of  repose.  But  it  has  the  remarkable  property  of  holding 
in  solution  and  at  len^h  depositing  in  well-defined^  large  cryBtals^ 
phosphate  of  lime. 

The  alcoholic  extract,  on  cooling,  deposits  a  small  quantity  of 
white  granular  matter,  which  is  collected  on  a  filter^  washed  with 
alcohol^  and  dried.    It  oonsists  of  cholic  add,  containing  some 
fatty  acid  not  eaaiiy  eeparated.   The  filtrate  has  the  property 
of  ambergris,  being  amber  in  reflected,  and  green  in  transmitted 
light.    It  also  has  a  most  agreeable  odour  of  musk.    After  a  part 
of  the  alcohol  has  been  distilled  oS,  and  ^the  fluid  has  been  ap^ain 
allowed  to  cool,  flakes  of  crystalline  mister  are  deposited.  They 
probably  consist  of  cholesterine.  After  further  evaporation^  a 
biliary  add  is  deposited  in  drops, — amorphous  cholic  add.  After 
prolonged  standing,  crystals  of  the  same  diaxacter  as  {hose  obtained- 
by  alcohol  from  the  depodt  in  rotten  oz-bile  are  depodtedy— ciys- 
talhsed  cholic  add.  Most  of  them  are  mixed  witk  a  lynip,  fiom 
which  they  cannot  be  separated  mechanically.    This  symp  is 
insoluble  in  water,  and  becomes  rennons  after  contact  witii  it:  it 
hiss  all  the  properties  of  dioloidic  add.  This  mixture  of  acids  is 
boiled  for  a  long  time  with  water,  which  dissdves  cholic  add,  and 
a  light  yellow  matter, — perhaps  cholddic  add^  though  this  add  is 
reported  to  be  quite  insoluble  in  water.   HoweTer  that  may  be^ 
the  watery  decoction,  wlm  left  to  spontaneous  evaporation,  whidi 
takes  months,  owing  to  the  formation  of  a  pellicle  on  the  surface, 
at  last  deposits  the  very  cliaracteristic  splendid  needles  of  cholic 
acid^  mixed  with  a  granular  brown  deposit,  which  does  not  give 
the  cholochrorae  reaction,  and  may  be  choloidic  acid. 

The  hydrochloric  acid  extract  is  of  a  light  brownish  colour,  and 
perfectly  transparent.  Evaporated  on  the  water-bath,  it  deposits 
a  black  matter,  which,  after  mixing  with  water,  becomes  brown, 
and  consists  of  cholochrome,  yielding  the  usual  reaction.  Several 
subsequent  evaporations  each  yield  some  of  this  deposit,  which 
ultimatiily  becomes  mixed  with  earths.  The  eartlis  are  phosphates 
of  lime  and  magnesia,  which  are  deposited  in  a  en' stalHne  state, 
when  the  solution,  containing  but  little  acid,  is  allowed  to  stand. 
By  calcination  they  are  freed  from  organic  matter.  Ultimatdy 
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tibere  lemains  a  ndine  muM,  oontauung  diloride  of  oaUsianij 
chloride  of  ammoninm^  and  perhaps  aome  trooet  of*oiher  matteia  yet 
to  be  aaoertamed. 

The  ingiedientt  of  ox-gallatonei  aooording  to  imalyaea  upon  the 
above  plan,  are  the  following:  Bile,  a  lesidne  of  the  fluid  in 
which  the  concretions  are  formed.  Cholochrome,  cholic  and 
chdmdio  acids,  cholesterlne,  a  snlphato  in  some  cases,  phosphates 
of  lime  and  magnesia^  carbonates' <tf  the  lame,  and  some  aaiinonia» 
compounds,  possibly  a  sulphato.* 

AmUffih  qf  Putrid  Oa;  Bile, 

It  is  necessary  to  separate  some  of  the  white  granules  from  the 
fluid,  in  order  to  show  by  combustiou  and  treatment  with  acidu- 
lated ether,  that  they  contain  phosphate  and  palmitate  or  stearate 
of  lime.  The  free  fatty  acid  forms  an  emulsion  on  boiling 
with  phosphate  of  soda. 

The  principal  step  in  the  analysis  of  this  fluid,  is  the  filtration 
and  separation  of  the  deposit.  A  bag  of  twilled  calico  is  best 
used  for  that  purpose.  When  the  fluid  has  percolated,  the  smeary 
deposit  in  the  hag  must  be  kneaded  with  cold  water,  as  otherwise 
it  is  impossible  to  wasli  it.  When  well  washed,  it  is  mixed  with 
boiling  alcohol,  and  boiled  with  it  for  some  time  ;  it  is  then  again 
put  in  the  washed  cslico  bag.  The  filtrate  on  cooling  deposits  a 
Uurge  quantity  of  crystallized  cholic  acid.  The  mother-liquor  on 
evaporation  yields  httle  cholic,  and  some  choloidic  acid.  That 
part  of  the  deposit  which  boiling  alcohol  did  not  dissolve,  is  well 
washed  with  alcohol,  and  extracted  with  a  boiling  solution  of 
carbonate  of  potaasa.  This  solution  tskes  up  the  whole  of  the 
colouring  matter,  cholophaeine,  and  leaves  behind  a  white  mass  of 
coagulated  mucus,  mixed  with  greenish  crystak  of  phosphate  of 
lime,  which  are  separated  by  lertgatioQ.  From  the  ^odaraotution* 
tlie  choloohrome  ia  obtained  as  the  green  modiflcationy  chchehlo* 
ine,  by  predpitotUm  with  hydrochloric  add. 

The  deposit  therefore  is  made  up  of  stearate  and  palmitete  of 
lime^  cholic  and  choloidic  add,  choloohrome,  phosphate  of  lime  in 
crystals,  and  mucus. 

The  port-wine-coloured  fluid  part  of  the  bile  is  treated  with 
sulphuric  add  in  alight  exoeas  r  a  large  quantity  of  choloidic  add 

*  I  may  here  alluilc  to  the  disodvorv  of  lulphido  of  snmUNiiiilll,  wbifill  tft**f**ft*^ffi 
alstM  to  have  made,  in  tbe  bile  of  a  boy. 
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is  then  precipitated  as  a  pitchy  mass,  which  is  easily  soluble  in  warm 

alcohol,  and  contains  bat  little  cholic  acid,  deposited  in  crystalline 
granules  after  \on^  standing  of  the  alcoholic  solution.  The  excess 
of  sulphuric  acid  is  removed,  and  any  free  acid  neutralized  by 
boiling  the  fluid  residue  with  carbonate  of  baryta.  AVheu  evaporated, 
this  solution  deposits  resinous  cholic  acid  (which  docs  not  decom- 
pose carbonate  of  baryta)  to  be  extracted  by  alcohol.  The 
alcohol  causes  a  crystallization  on  standing  with  the  fluid.  The 
crystals  consist  of  sulphate  of  soda,  phosphate  of  soda,  and  taurine, 
to  be  separated  mechanically,  and  in  the  ultimate  mother-liquor  of 
the  decrystallized  substances,  some  triple-phosphate  is  obtained,  as 
also  sonic  chloride  of  ammonium,  to  be  obtained  pure  by  sublima- 
tion.  The  alcohol  retains  the  acetate  and  valerate  of  ammonia, 
which  salts,  after  evaporation  of  the  alcohol,  yield  their  acids  on 
distillation  with  sulphuric  acid.  The  addition  oC  this  latter  acid 
still  precipitates  some  resinous  biliary  matters* 

The  fluid  part  of  putrid  bile  therefore  contains  choloidate  of 
soda,  a  little  oholate,  a  red  colouring  matter,  perhaps  cholochromic 
acid,  taurine,  Talenite  and  acetate  of  ammonia^  phosphate  of  soda, 
chloride  of  ammonium^  and  some  other  as  yet  undetermined 
matters. 

PtUtifaeiim  and  AnafysU  qf  Human  BUe, 

As  humaA  bile  can  only  be  obtained  in  quantitj  from  persons  who 
have  died  from  disease,  it  will  not  easily  afford  the  materials  with 
which  to  repeat  the  experiments  instituted  with  ox-bilet,  which  is 
fresh,  healthy,  and  normal.  Human  bile  promiscuously  oolleoted  in 
the  deadohouse,erren  allowing  it  to  contain  the  normal  ingredients,  is 
mostly  vitiated  by  a  large  amount  of  albumen,  which  enters  the 
gall-bladder  by  endosmosis  during  the  interval  between  death  and 
obduction.  This  albumen  coagulates  in  i>art  during  evaporation  of 
such  bile  on  the  water-bath,another  part  remaining  dissolved.  If 
then  such  bile  be  subjected  to  putrefaction,  the  process  takes  place 
under  diflerent  conditions,  and  yields  therefore  diflerent  results. 
This  difference  mainly  consists  in  the  circumstance,  that  the 
alkaline  products  of  decomposition  of  albumen,  either  neutralize 
the  acid  products  of  the  decomposition  of  bile,  which  w  ould  pre- 
cipitate insoluble  compouiuls,  or  dissolve  them  again  should  they 
have  been  precipitated.  Deducting  the  products  of  the  putre- 
faction of  alhumeni  the  products  of  the  putre£M:tion  of  the  bile 
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itself  are  the  same  as  those  obtained  from  ox-bile,  although  thejr 
are  in  a  different  form.  Human  bile  is  mostly  neutral.  "When 
dissolved  in  alcoliol,  it  parts  with  the  mucus  and  albumen,  and  the 
nitrate,  after  evaporation  of  the  alcohol,  leaves  a  residue,  which  te 
entirely  soluble  in  water,  and  such  solution  is  neutral  and  not  pre- 
cipitated by  oxalic  or  acetic  acid.  Sometimes  however  human 
bile  exhibits  an  acid  reaction ;  this  on  similar  treatment  with 
alcohol,  and  re-solution  in  water  of  the  residue,  yields  a  plastery 
precipitate  of  choloidic  acid.  When  complete  precipitation  has 
been  effected,  the  filtrate  evaporated,  and  the  concentrated  fluid 
treated  with  alcohol,  prismatic  dyttals  of  taurine  axe  sometimes 
o1)tained.    The  solution  always  yields  ammonia. 

Human  bile,  which  has  been  allowed  to  putrefy  in  a  stoppered 
bottle^  emits  a  horrible  odour,  is  of  a  reddish  brown  cdUmr,  and 
apart  from  the  deposit  perfectly  clear :  it  has  an  acid  reaction. 
With  acetic  add,  it  becomes  troubled,  and  deposits  a  resinous 
precipitate ;  but  the  supernatant  fluid  remains  thidc^  and  does  not 
become  dear  even  on  boiling  and  standing;  the  addition  of  hoi 
alcohol  Tesdves  the  turbidity. 


XI. — On  some  Derivatives  from  the  Ol^nes,       •  . 

ByFBBDBEICK  GVTHBIB. 

IV, 

A  CONSIDERABLE  numbcr  of  the  substances  whose  formation  and 
properties  I  have  had  the  honour  of  describing  to  this  Society  in 
Memoirs  I,  II,  and  III,  arc  non-volatile  and  uncrystallizable 
liquids.  Hence,  with  regard  to  them,  the  two  so-frequently 
adopted  criteria  of  homogeneity  are  inapplicable;  viz.,  constancy 
of  boiling  point  and  crystalline  form.  Although  this  want  is  shared 
by  a  vast  number  of  bodies,  both  organic  and  inorganic — solid, 
liquid,  and  gaseous, — whose  homogeniety  is  never  called  into 
question^  yet  additional  evidence  in  this  direction  is  not  super- 
fluous. 

<  A  method  peculiarly  applicable  in  such,  cases^  is  that  of  fractional 
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BDlntion.  It  has  been  already  successfully  employed  in  determining 
the  homogeneity  of  gases;  and  may  be  thus  proposed.  "When 
a  solvent  has  partly  dissolved  a  body,  and  the  entire  body  has  the 
same  composition  as  either  of  the  parts  (dissolved  or  undissolved), 
<Sr  if  the  latter  have  the  same  composition  as  one  anotherj  then 
the  original  substance  is  simple  or  homogeneous.'' 

No  mixture  can  show  this  property  unless  its  constituents  are 
Isomers  or  polymers  of  one  another.  The  law  itself  enjoys,  of 
course,  nearly  the  same  amount  of  truth  as  the  proposition  that 
no  two  substances  are  soluble  to  exactly  the  same  extent,  in  the 
same  medium,  under  the  same  oonditions,  unleBS  the  solubili^of 
both  be  infinite. 

•  The  inverse  of  the  law  is  untrue  to  the  extent  that  solution  may 

effect  decomposition. 
The  substances,  which  I  have  submitted  to  this  test  are  the  two 

of  the  substances  prerionaly  deaoiibed,  which  seemed  most  prolific 

of  deriyatiTes;  tIx.,  .  . 

♦Bisolphodiloride  of  ethylene  C^H^SgCL 
*Bisnlphochloride  of  amylene  CjoHjoS^CL 

•  VLWntt  (BigtMn  da  Ohimie  para,  ii,  In  aotidag  thflso  bodtos 
and  the  two  C,H,3,a|. 

remarka : — 

"  SCI2.  corresponding  to  S0;„  beiag  dialomic,  it  follows  thai  SCl^—  Cl ;  ih&i  fa, 
flOl,  ought  to  be  moMtomie.  VenarthnUu,  it  fa  to  be  obwmd,  that  Ilia  aonaUtatian 
of  tlMaa bodlea laaj be tagaidad  la  awilharinaaiiar, liij aappefllBg Umbi  toaoataiii 

th»  Atm4MmktM  antmpm 

vaw  vasavwwBVBV  ^■*^yB*^> 

Sulphide  of  ethylene  (C^H^Sj)"  and 
Sulphide  of  amjrlene  (Cn^ioS^yt 

corresponding  to  the  oxides.  These  gn»p%  OQ  combining  wHIi  S  atoma  af  ddorina, 
fomi  the  (wo  following  chlorides : — 

Dichloridc  of  sulphethyleno  (C4H^S,)''C1.h 
;  Dichloride  of  sulphamylenc  (C,(,H,nSj''Cl2. 

"  As  for  the  chloride  CioHuS^Ol,  we  donbie  its  equivalent^  repreaenting  its  con* 
atitation  by  the  formula,— 

*'!(  is  Vnown  tbat  2  atoms  of  oxide  ofatliyleDa  maj  unite,  in  order  to  combine, 
vith  1  atom  of  water.  Hence,  it  is  not  extraordinary  that  2  atoms  of  aulphide  of 
amylene  should  join  together  in  order  to  combine  with  2  atoms  of  chlorine.  If  this 
Way  of  looking  at  the  matter  is  exact,  we  should  represent  the  constitution  of  the 
oxide  of  disulphamylene  and  thai  <^  the  bydrato  of  the  oxida  of  dlaolphamylene  by 
tfiafoniiidm^ 

Oxide  of  Bulphamylene  cjjHj^j  } 
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The  method  wa«  applied  aa  foUowg : — few  gnqimet  of  the  bisul* 
phocUoiide  of  eihylene  were  wanned^  with  alcohol  of  about  85% 
until  nearly  half  disaolTed.  The  aleoholic  solution  waa  then  ponied 
off,  and  the  aloohol  removed  by  evaporation  on  a  water-batii^  and 
washing  with  water.  The  product,  after  drying  in  vacuo  over  sul. 
phuric  acidj  gave  the  resulta— 

I.  0-4436  gave  25-27%C,  and  4*86H. 
II.  0-4280  gave  33-88%S. 
m.  0*2888  gave  36  00%C1. 

Comparing  this  with  the  analysis  given  befim  of  the  entire 
substance^  we  find,— 


Hjr4nte  of  0a]pbMii7UBe  oJ^J^}  'o^ 

In  reply,  I  would  observe  : — 

1.  That  SClj  has  not  yet  been  formed  ;  and  that  therefore  ppoculations  as  to  what 
its  "atomicity"  might  be,  are  premature.  Still  more  bo  must  couBiderations  be  as 
to  Um  «flbei  nMeh  the  witlidrawal  of  chloiiae  would  have  on  the  hypothetical 
■toqdeilj  <rft]ii8  Iqrpotlietical  h^dj* 

%  Tki^,  ia  mch  bodies  m 

it  seema  preferable  to  suppose  that  the  halogens  are  arranged  in  two  *'  monatomic' 
groups,  than  to  hnagine,  with  M.  Wur/.,  that  there  are  two  stages  of  aataratipn,  e«cli 
■tS^  being  a  bUtomie  one.  This,  applied  to  gljeole  nonld  give,-^ 

•  ■ 

O.H.       ineiend  of  {(CH^^  0,  |  "sHO,  &e» 
8*  Cronoeming  the  bodies^ 

O.Hja^OL 

I  adnd^  in  legaid  to  lonM of  their  reeetions,  we  have  reason  (neither  more  nor  leas) 
.  iodonbtotboirfomntetliaa  todonUotholninalaofihool^^  Bui,  to  write  the 
lydiated  oatde  of  blsoljdismyiene^ 

li,Ithhik,anaeIefl8eomp1leaaon.  It  doee  not  repmsent  the  fonnatioit  or  properUes 
of  the  body  more  clearly  than  the  older  formaI« ;  end  moreover  inTolree  the  Idea  of 

a  "  mixed  type,"  vhich  I  have  never  been  able  to  undcrsUnd.    But  I  must  ajyuin" 
insist  here  upon  the  useleaaness  of  seeking  to  estjibliBh  thp  fnniiula  of  a  body;.- 
if  formul®  of  bodies  at  chemical  rest  are  to  express  their  potential  recomposiaoa^ 
(See  I.) 
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0 

O4H48L01 

«s  25-13 

Entiro 

nil 

Substance 

Diasolred 
Portion. 

25-27 

H 

=  4-19 

4-32 

S 

=s  3351 

33-47 

33-88 

a 

«  37-xr 

86*29 

3600 

100  00 

100-01 

99*51 

About  the  same  quantity  of  the  bisulphochloride  of  amylene  waa 
treated  in  exactly  tlie  same  manner.  The  dissolTed  portion^  OQ 
ftmUjAis^  gave  the  following  results : — > 

1.  0*8984  gnn.  gare  28*81%S. 
II.  0*2677       gave  26*66%Cl 

Whence,  comparing,  aa  before,  with  the  oomporition  of  ilie 
whole  rabrtanoe^  we  hare, — 


C|gH,,SiCl  Entire  Dissolved 

nqiurw  BaWliaat.  Poitkm. 

C     as     48-64  48*80 

H     =      7-»7  7*47  „ 

8      a:     88*27  98*98  88*81 

a    »     85*88  84-78  85^ 


100*00  90*98 

Hence,  it  appean  that,  m  hoih  oaiea,  the  entire  tnbatance  ha« 
▼irtoaUy  the  same  percentage  oon^oaition  aa  the  diaaolved  por^ 
tion;  and  accordingly,  under  the  limitatiyona  above  specified,  the 
homogeneily  of  both  bodiea  ia  caUblidied. 

We  have  already  seen  the  cnriona  relation  exiating  between  the 
bisulphochloride  of  chlorethylene  and  the  bianlphide  of  ethyl,  i» 
regard  to  the  action  on  both  <^  chlorine.  The  product  in  either 
case  is  the  chlorosulphide  of  bichlorethyleoe  or  the  sulphide  of 
terchlorethyl. 

c      sa  «  C,^^  8. 

This  identity  of  product  extends  also  to  the  bitnlphochloride  of 

ethylene.  If  a  few  grammes  of  the  bisulphochloride  of  ethylene  be 

exposed  to  a  current  of  dry  chlorine,  the  action  being  carried  on 
for  a  few  hours  aud  assisted  at  iubt  by  the  heat  of  a  water- 
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balJi^  a' product  is  obtained^  wliioh  after  ezpolaon  of  the  eieeia  of 
ehlorme  by  a  cnnent  of  carbonic  add^  showed  the  Ibiflowiiig 
oompositioii : — 

I.    0-3821  grra.  gave  70  69  %  CI. 
II.    0  4380  grm.  gave  10*63  %S.  - 

The  mlpbide  of  tercbloretbylene  requires 

71-73  %  Chlorine^ 
10*68  %  Sulphur. 

So  that  tho  action  of  chlorine  is  to  convert  the  bisulphocliloride  of 
ethylene,  into  the  sulphide  of  terchlorethyl.  Toward^  chhrine, 
therefore,  bodies  of  the  form 

behaire  lik^  pnlphides  of  cUoriferona  fadkles 

inasmuch  as  the  bisulpbides  of  the  radicles  CqH||4.p  give  rise  to 
the  same  products. 

Ou  treating  CioH^oSgCl  with  oxide  of  lead^  or  with  hydrate 
of  potash,  we  have  already  seen  the  chlorine  replaced  by  O  and  bjr 
HOy  Doubtless  C^H^SaCl,  would  give  rise  to  C^H^S^O,  on 
treatment  with  PbO.  As  yet  I  have  only  examined  the  action  of 
hydrate  of  potash  upon  C^H^S^Cl.  If  C4H4S,a,  and  KOHO, 
be  both  in  alcoholic  solution,  the  reaction  between  them  on 
slightly  warming  is  both  immediate  and  complete.  The  KOHO 
b^g  employed  in  slight  excess,  and  the  filtrate  from  the  precipi* 
tated  KCi  having  been  freed  from  alcdiol  by  evaporation  and 
washing  with  water,  the  hydiated  bisnlphosiide  of  amylene  ia 
obtained  pure. 

On  analysis : 

I.    0-4333  gave  31  33  %  C,  and  6  67  %  H. 
*    IL    0-2984  gave  42  26  %  S. 


C4H,S.0H0 

• 

requires 

t. 

n. 

c 

=  3117 

31-33 

j» 

H 

-  x=  0-49 

6-67 

S 

=  41-56 

M 

0 

=  20-78 

100  00 
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The  hydrate  of  bisulphoxide  of  amylene  is  a  yellowish  liquid  of 
corioiis  smell;  like  the  body  from  which  it  is  derived^  it  acts 
Ttolently  upon  the  mucous  membrance.  It  dissoWes  in  alcohol  and 
ether^  bnt  is  insolable  in  water. 

Further  transformations  intimatdy  connected  with  the  above, 
and  with  others  previously  described,  are  afforded  hf  the  replace- 
ment of  the  iddoiine  in 

CiqUiuS,  CI, 

by  cyanogen  and  sulphocyanogen.  The  method  used  in  both 
cases^  is  similar  to  that  employed  for  the  oxygen  and  peroxide  of 
hydrogen  replacements,  via:  digestion  of  the  CioHjoS^Cl  with 
cyanide  or  sulphocyanide  of  potassium  respectively,  in  alcoholic 
solution.  The  reaction  is  ve^  neat.  .The  precipitated  chloride 
of  potassium  having  been  separated  by  filtration,  the  filtrate  is 
evaporated  on  a  water-bath,  waahed  with  water,  and  dried  over 
sulphuric  acid  m  vacuo. 

Both  products  are  liquids  which  can  scarcely  be  distingoishiBd 
by  smell  or  other  physical  property.  They  have  however  eridently 
different  densitiea.  The  first  gave  on  analysis : 

L  0-248^  gave  55-66  %  C,  and  7  60  %  H. 
II.  0'888l  gave  24-66  %  S. 


requires 

I. 

n. 

c 

=  56-25 

55-65 

H 

=      7-81  ' 

7-60 

S 

=  2500 

24-'66 

N 

^  10-94 

* 

99 

10000 


The  specific  gravity  of  this  body  is  1*07  at  13°C.  Since  there 
can  be  little  donbt  bat  that  the  sulphur  and  cyanogen  in  this 
substance  are  not  in  the  same  relation  as  in  the  sulphocyanides  (for 
if  so,  S^Cvj  would  be  required  to  saturate  CiqHjq),  it  is  advisable  to 
call  the  above  body  the  bithiocyanide  of  amylene,  rather  than  the 
"  sulphocyanide  "  or  *'  bisulphocyanide/' 

The  product  obtained  by  the  action  of  the  aulphocjanide  of 
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potassium  upon  tlic  bisulphochloride  of  amylene^  gave  tlie  following 
results  on  analysis : 


1.  0-2336  gave  U  Uj  C,  and  6*54  H. 
n.   0-3768  gave  d9*d2  S. 


nqnivH 

I. 

Q. 

c 

=  46-00 

44-46 

H 

6*54 

8 

8  40*00 

» 

N 

8s  8-75 

100-00 

The  specific  gravity  of  this  body  at  13°C  is  1*16.  The  least 
ambiguous  name  which  can  be  given  to  it  ia,  perhaps,  tbe 
bithiO'bithiocyanide  of  amylene. 

If  we  now  compare  the  above  and  previously  described  beha- 
viours of  the  bodies  C^H^S^Cl  and  CioU|eS«ai  with  that  of  tbe 
halide  of  a  radicle  of  the  form 

we  most  at  onoe  admit  the  parallelism  of  the  recompositioiis  in 
the  two  easesy  and  therewith  admit  that  bodies  of  the  form 

bc^ve  like  the  chlorides  of  the  form 

towards  oxides,  hydrated  oxides,  cyanides,  and  sulphocyanides. 

CaHn+,X+MO  =:C,H„^,0  +MX) 
C„H  ACl  +  MO     =  C.H  AO      +  MCI ) 

Cnll^,  ,X  +  MHO,  =  C„H„^.,H02  +  MX  > 
CnH^S^Cl  4-  MHO3  =  C^H^SaHO,  +  MCI  > 

CnH„^,X  4  MCy  =  CJI,,,Cy  4-  MX  ) 
C,H.SaCl  +  MCy    =  C.H  ^Cy     +  MCI  > 

C„H„^,X  +  MS.Cy  =  CJI„^,S,Cy  +  MX  > 
C„1I„S,CI  +  MS,Cy  =  C^H^SaSjCy  +  Ma> 

Hence  the  rational  formula  of 

CJi^Cl. 
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towaids  oxides^  bydyated  oxides,  eta,  may  bo  written 


▼lierein  we  have  the  chloride  of  a  w^kuriferoua  radicle  .*  for  in 
pieaenoe  of  these  bodiei^  the  aulphnr  and  hydrocarbon  remain 
together.  We  here  then  see  a  prominent  example  of  the  Taria- 
tions  in  the  re-agent  prodooing  a  corresponding  Tariation  ijk  the 
rational  formula. 
Aooording  to  this  riew,  the  bodies 


considering  CioHjoS^HO^  as  an  aloohoV  will  be  fonnd  in  the  fact^ 
that  on  dropping  it  into  a  large  excess  of  strong  sulphuric  add, 
which  is  kept  cold,  a  ooDjugate  add  is  produced^  baring  ii 
soluble  baryta-salt.  This '  add  will  be  described  subsequently. 
Again  it  would  appear  from  a  few  experiments  perlbrmed  in  tl^ 
direction,  that  the  penxxide  of  acetyl  may  replace  the  chlorine  in 
CioHj^S^Cl^  hy  the  action  of  acetate  of  potash,  the  acetate  of 
bisn^phamylene  bdng  produced  t 


a  body  which  is  an  analogue  of  acetic  ether.  Such  derivatives 
must  for  the  present  he  reserved . 

The  body  Ci^HjoS^Cl,  being  thus  proline,  ii  becomes  important 
to  examine  the  formation  and  properties  of  the  bodies  formed  by 
the  union  of  amykne  with  the  separate  hakgens  S  and     riii  . 


obtained  by  the  direct  reduction  of  CjoHjoS^Cl,  by  means  of 
-metallic  2dnc.  Nascent  hydrogen,  which  was  at  first  tried,  effects 
too  profound  a  reduction,  by  withdrawing  a  pnrtion  of  the  sulphur. 
To  prepare  CioHjoS^  an  ounce  or  two  of  C|qU,oS,C1  is  dissolved 
in  alcohol,  and  boiled  Ibv  some  hours  with  granulated  sine,  the 
alcohol  bdng  condensed  and  allowed  to  flow  back.  The  greater 
quantity  of  tiie  alcohol  is  then  distilled  off,  and  the  residue  washed 
wil^  water.  A  oolovrlcas  liqind  product  coUeets  on  the  snrfiide  of 


CjoHioSaOC^HjO,  or  C^^U 
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the  water,  which  after  washing  and  drying  over  chloride  of  calciunij 
m&y  be  rectified.   It  boik  constantly  at  about  200°C. 

1.  0-8012  gave  80-60  ^8. 
n.   0*2888  gave  58*82  %  C,  and  10*26  H. 
m.  0*8270  gave  58*26  %  C,  and  10*24  H, 


CioHioSj 

roquiiea 

I. 

n. 

hl 

c 

8  58*82 

58*82 

58*26 

58-29 

H 

B  9*80 

10-26 

10*24 

10*26 

8 

m  81-38 

30-60 

99 

80*60 

90-14 

The  specific  gravity  of  the  bisulphide  of  amylene  is  0*907  at 
13°C. 

Considerable  difficulty  attends  the  formation  of  bichloride  of 
amylene. 

Ci^HiqCIj. 

Amylene  absorbs  dilorine  with  ihe  greatest  eagerness ;  bnt  when 
the  two  m  brought  together  alone^  as  also  when  oold  ehhirine* 
water  acta  upon  amylenety  floating  on  its  surfiice,  large  quantitieB 
of  hydvoehlorie  add  are  finrned,  which  points  to  the  occurrence  of. 
some  cUorhydrogen  replacement.  The  formation  of  Dutch  liquid 
by  the  action  of  pentachloride  of  antimony  upon  ethylene, 
suggested  the  possible  formation  of 

by  an  anidogons  process^ 

Pentachlonde  of  phosphorus  was  finely  pounded  and  treated 
with  perfeetly  dry  amylene.  No  hydrochloric  acid  escaped,  a  few 
degrees  of  heat  were  evolved,  and  the  whole  became  nearly  dry. 
After  having  stood  for  twelve  hours,  the  mass  was  placed  in  a  basin 
and.  floated  on  water.  At  the  end  of  another  twdve  hpurs^  two 

.  layers  were  found,  the  lower  consisting  of  phosphoric,  and  as  experi- 
ment showed;  phosphorous  acid  and  hydrochloric  acid,^ihe  upper 
of  bichloride  of  amylene.   From  the  fact  that  the  amylenij  and 

'pentachloride  of  phosphorus  produced  in  the  first  instance  a  sofid, 
it  would  appear  that  the  complementary  PCI3  .re-united  with  the 
amylene  to  form  the  unstable  body 

C,.H,.PC1„ 

which  subeeqinently  underwent  decompositiou.    AfWr  washing 
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with  water  and  dryings  the  upper  layer  was  rectified.  A  product 
was  thus  obtained,  which  boiled  at  141^-147^0.   On  analysis : 

I.    0-2806  gave  ^2  22  %  C,  and  7  40  %  H. 
II.   0-4279  gave  50  88  %  CI. 


CwHioCIj 


^require! 

I. 

n. 

c 

=s  42-55 

42*22 

ft 

11 

=  709 

7-10 

CI 

=  50-36 

»$ 

Bo'-SS 

100  00 

100-50 

At  9^'  C  hichlondc  of  amylene  has  tlir  specific  gravity  1'058. 

It  is  not  improb:il)le  that  bicliloridc  of  amylene  may  give 
rise  to  ))icyaiii(lc  of  amylene,  on  treatment  with  cyanide  of  potas- 
sium, liicyanidc  of  amylene  may  however  be  prepared  in  another 
and  very  singular  manner. 

It  will  bo  remembered  that  the  gas  NO4  unites  directly  with 
amylene  to  form  the  body  C,,JIj(,.2N04  ^^^)'  ^^^^^ 
us^  to  support  the  view  of  NO^  being  a  true  halogen.  The  same 
conclusion  is  u]<o  suggested  by  the  behaviour  of  Cj(,H,o.2NO^ 
towiirds  cyanide  of  potassium.  If  ri„H,Q.2NO^  be  dissolved  in 
alcohol  at  a  gentle  heat^*  and  added  to  an  alcoholic  solution  of 
cyanide  of  potassium,  an  immediate  precipitate  is  produced,  which, 
after  washing  linth  alcohol  and  drying,  gives  a  precipitate  with 
nitrate  of  silver,  soluble  in  nitric  add,  and  which,  on  treatment 
with  sulphuric  add,  gives  an  amount  of  sulphate  of  potash  eone- 
qponding  to  the  nitrite  of  potash  (nitroxide  of  potassium).  The 
4ilco1lblic  solution  £nom  the  nitric  of  potash  is  evaporated  on  a 
wetter  bath,  at  about  60*0,  until  the  greater  portion  of  the  alcohol 
is  expelled.  The  residue  is  then  repeatedly  wsshed  with  small 
(]u untitles  of  water,  and  dried  over  sulphuric  add  in  vacuo.  The 
composition  of  the  liquid  product  was  found  by  analysis  to  be  as 
follows: — 

0-2760  gave  9-16% of  II. 

0  .3500  gave  9-16  %  of  H,  and  51-^6  of  C. 

0-3079  gave  16  00%  of  N. 


*  An  aloohoHc  solution  of  Cj(,Rio2N04  ia  deoompoMd  on  boiling.  Chloroform 
(lisisolvcB  C,„H,u  2N0|  abundaiiUy,  m  ako  doM  glftdtl  Motieadd.    Stroiig  ml- 

plinri<-  a<-i«1  iii.slauUy  decomposes  it. 

VOL.  XI v.  L 
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C,gH,oCya+6HO 

1  v\|  Uil  w 

1I> 

nr. 

ASM 

C    =  50-30 

51*26 

>* 

H  s  8-98 

9*16 

9*16 

N   =  16-77 

le'oo 

7G05 

76*42 

The  body  according  to  this  axialy»is,  is  the  pentahydrate  of 
bicyamde  of  amylene.  The  water  attached  to  the  cyanide  is  to  be 
compared  to  water  of  crystallization.  It  is  giyen  off  on  beating 
the  hydrate,  but  remains  combined  when  the  hydrate  Is  exposed 
for  any  time  o^er  solphnric  acid.  It  may  be  sufficient  here  to 
notice — (1)  That  fi^e  equivalents  of  water  would  be  essential  to 
the  conversion  of  the  cyanide  of  amylene  into  pimelate  of 
potash  by  the  action  of  caustic  potash.  (2)  That  my  few  expcri* 
ments  to  prepare  pimelate  of  potash  from  the  <7anlde  have  not 
been  successM. 

The  binitrozide  of  amylene  appears  also  to  exchange  its  NO4 

for  O,  HO2  S,  and  SjCy.    Most  of  these  bodies  will  probably  be 

soon  doscri})ed  by  those  chemists  who  are  engaged  in  researches  on 

the  diatomic  alcohols.* 

A  body  intimately  connected,  on  tlie  one  hand,  withCjoTIjQ^NO^, 
and,  on  the  other,  with  the  chloriuc-dcrivativcs  of  ^loHio^a^^* 
the  product  of  the  action  of  liO.NOg  upon  C,nH,,)S2Cl. 

On  warminj^  IIO.NOg  with  C,qHjoS2C1,  a  t(  luj-estuous,  and,  in 
some  respects,  complicated,  reaction  is  established.  One  phase  of 
the  reaction  result;}  in  the  formation  of  the  products^ 

SO3,  HCl  and  C^HO^. 

showing  that  a  part  of  the  C,f)Tf,  jS^Cl  has  sutl\ k  d  complete  dis- 
organisation. Moreover,  a  copulated  sulphuric  acid  is  formed, 
wliieh  has  a  soluble  baryta-salt,  but  has  not  been  farther 
examined.  The  other,  and  more  easily  applicable  reaction,  is  the 
formation  of 

NO4NO/ 

or^  the  uitrosulphide  of  nitroiuunyleiie. 

*  Dr.  Simpson'fi  preparation  of  cyanide  of  ethylene,  tod  thence  Of  WMSfllmte 
of  patMh,  wiU»  1  expooi,  on  publicstion  of  hU  onaljm,  tluow  light  on  this  ml^o^ 
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It  is  ihifl  body  wbich  appears  in  tlie  distillate  when  CioHjoS^d 
is  warmed  in  a  retort  with  H0.K05,  as  a  heavy  liquid  of  green 
coloiir,  insoluble  in  water.  After  washing  with  wator  and  drying, 
it  is  pure. 

gnus. 

0*2679  gave  U'S2%C  and  4-82%H. 
0-2620  gave  84-26%C  and  6-25%H. 
•   0*1888  gaye  9*39%S 

requircH.  I. 
C    =    33-89  31-82  31-20 

H   =      5-08  4-82  5-25 


99 


»9 


S    =     904  „  „  939 


The  nitrozisnlphide  of  nitroxamylene  is  soluble  in  ether  and 
alcoholj  and  suffers,  apparently,  very  easy  reduction  by  sulphide  of 
ammonium. 

Before  leaving  thi»  part  of  the  subject,  it  may  be  in  place  to 
offer  a  view  connecting  the  two  nitroziolefines  described  with  some 
known  bodies.  Such  connection  at  once  appesxs  on  looking  at 
the  following  list,  which  might  be  much  extended. 

C,H^  or  C„H.{C.H,  Olefiant  gas. 


Ethyl. 

Zinc^^ihyl. 

C  H*  J^ra^^m  +  l 

EthyUamyl. 

Hydride  of  ethyl. 

Chloride  of  ethyl. 

{ci 

Dutch  liquid. 

Ether. 

L  2 
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CnH^  |hOj,  Alcohol. 

^u^K  |o  Ethylenic  ether. 

C,Hjj  I^Q*  Binitroxide  of  amjlene. 
H  (S 

^■NCT  ^  |,NO  Nitroxisulphide  of  nitroxamylene. 

C^U^  {sOa  "  ^^^P^^^c  carbonyl." 

\  NO4  Glyoodne. 

To  which  might  be  added  the  much-formulizcd  acid  scries : — 

^11^11-3  IhO^  Uydrated  acetic  acid. 

C„Hn_  2  I o  Acetic  anhydride. 

A  series  such  as  the  alK)ve  may  assort  a  claim  ratlior  as  a  device 
for  classificat  ion  -  than  as  a  method  of  accomplishing  what  most 
formulsB  profess  to  perform^  viz.,  au  index  to  molecular  arrange- 
ment. 

To  many  of  what  arc  called  homologous  series,  methylene  plays 
the  same  part  chemically  as  the  common  difference  plays  in  an 
arithmetic  scries.  Hence  the  questioa  forces  itself  upon  us :  la 
it  possible,  by  means  of  the  snccessive  chemical  additions  of 
methylene,  to  advance  from  an  inferior  to  any  superior  term  of 
snch  a  homologous  series  ? 

The  doubt  as  to  the  existence  of  methylenej  and  even,  in  the 
eyes  of  some,  as  to  the  possibility  of  its  existence,  puts  a  practical 
end  to  this  question  at  present. 

A  moment's  consideration  shows  that  the  snocessiTe  formation 
of  all  higher  terms  could  be  effected  by  means  of  ethylene,  pro- 
vided (wo  consecutive  homologous  terms  were  taken,  that  is,  terms 
differing  by  methylene. 

Further,  by  means  of  pro])}  lene,  we  could  effect  the  same 
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purpose,  provided  that  three  consecutive  homologous  terms  were 
at  our  disposal  to  begin  with.  Aud  so  mtUaiis  mutandis  for  the 
otlicr  olcfines. 

The  su^2^cstion  as  to  tlie  possibility  of  this  method  of  building 
up  was  al ready  f^iven  in  Memoir  T,  wherein  the  action  of  zinc- 
ethyl  upon  C,^jH,„S.,Cl  was  sii^^iicstcd.  The  subsecpient  txpori- 
ments  which  have  been  descri])ed  as  to  the  easy  replacement  of 
the  CI  in  0,^11  iqS^CI  by  other  halogens  only  confirmed  this  idea. 
In  ziac-etbyl,  as  far  as  it  consists  of  siiic  and  ethyl,  the  ethyl  is  the 
halogen.  Can,  then,  the  ethyl  from  zinc-ethyl  be  made  to  replace 
the  chlorine  CqH^S^jCI  ?  and  what  relation  will  the  body  thus  pio« 
dnced  bear  to  the  bisulphide  of  cenanthyl  ? 

CiqlljoSaC^IIj   ,  Cj^Hi^Sj? 

If  an  excess  of  ethereal  solution  of  zinc-othyl  (as  it  comes  from 
the  dij:;cster)  be  allowed  to  fall  upon  the  bisulphochloride  of  amy- 
lene,  considerable  heat  is  developed.  It  is  best  to  allow  the  heat 
to  moderate  itself  by  tlie  evaporation  of  tlie  ether,  and  not  to  cool 
artificially.  Two  layers  are  formed.  These  arc  tri  att  d  separately 
with  water,  the  oil  which  floats  on  the  surface  is  taken  off,  and  the 
solid  body  (oxide  of  zinc)  is  exhausted  with  alcohol.  The  alcoholic 
solution  and  the  oil  are  mixed,  freed  from  alcohol  by  gentle  eva- ' 
poration,  washed  with  water,  dried  and  rectified.  The  pi^oduct 
boils  almost  constantly  at  about  240^-250^^0.  It  gave,  on  analysis, 


0-2730  ^ave  65-31?r,C  and  11-2211. 
O  ll.-,2  -ave  G5-l';o2C  and  11-26H. 
O'-kim  gave  2372%S 


requires 

1. 

IL 

UI. 

C  6412 

65-31 

65-42 

H  11-46 

11-22 

11-26 

S  24-42 

99 

*> 

23-72 

100  00 

10032 

so  that  the  product  has,  in  fact,  the  perceutage-cgmpositiou  of 
bisulphide  of  oenanthyl. 

Although  I  believe  by  this  moans  to  have  found  the  key  to  the 
problem  of  the  successive  synthesis  of  ascending  terms  of  a  homo- 
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Ic^ous  scries ;  it  will  be  more  generally  acceptable  if  the  above 
hod  J  be  termed^  for  the  present,  the  bisulphethide  of  amjrleue. 


All  examination  of  the  products  of  rccompositiun  of  this  and 
siiiiilar  bodicb  1  reserve  for  u  iuuirc  communication. 

The  bodies  which  I  have  hud  the  honour  of  bringing  before  the 
notice  of  the  Society  in  this  aud  previous  Memoirs^  are  the  fol- 
lowing : — 

F)rmn  Ethylene, 

C^H^S2C1  Bisulphochloride  of  ethylene. 

C^II^SjClj  Bichlorosulphide  of  ethylene, 

(a)  C^II^SClg  Chlorosulphide  of  biehlorethylene. 

08)  CJI^SCl,  Sulphide  of  tcrchlorethyl. 

Hydrate  of  bisulphoxide  of  ethylene. 

fhtm  Amyiene^ 

* 

CjpHjoS^Cl  Bisulphochloride  of  amyleno. 

C,oH,oS2Clj  Bichlorosulphide  of  amylenc. 

C10H7SGI4  Chlorosulphide  of  tcrchloramylene. 

C,oHio8,0  Bisulphoxide  of  amylene. 

CjoHioS^HO^  Hydrated  bisulphoxide  of  amylene. 

CjoIlgS^  Bisulphide  of  ibsyl. 

CjoHjoSg  Bisulphide  of  amylenc. 

CjqHjoCI^  Bichloride  of  amylenc. 

CioH,(,Cy^+5HO  Penthydrated  bicyauide  of  amylene. 

CjoHioS^Cy  Bithiocyaoide  of  amylene. 

C,oH,«84Gy  BithiosuIphoGyanide  of  amylene. 

C 1  (jH , 0-2  (NO4)  Binitroxide  of  amylene. 

CjoIIt,S.2(NOJ  Nitroxisulphidu  of  nitroxamylcuc. 

C|oUiqS2C4H^  Bisulphide  of  Geaauthyl. 

The  above  arc,  of  course,  merely  the  Lijuivalent  formulsB.  The 
formulse  of  all  these  compouuds  ai'e  on  the  type 
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XII. — Oil  the  amount  of  IVaier  displaced  from  the  Hydrate9  of 
Potfuhf  Soda,  and  Baryta  by  Boracic  and  Silicic  Adds, 

By  Chaeleb  L.  Bloxam. 

In  a  communication  which  was  printed  in  the  Society's  Journal  of  . 
July,  1850,  T  described  a  series  of  experiments  npon  the  action  of 
boracic  acid  on  the  carbonates  of  the  alkalies  and  alkaline  cartlis 
at  high  temperatures,  from  which  it  appeared,  that,  at  a  bright-red 
heat^  one  equivalent  (3 1*9)  of  that  acid  is  capable  of  expelliDg 
from  carbonate  of  potash,  one  equivalent  (22)  of  carbonic  acid, 
from  carbonate  of  soda,  two  equivalents ;  from  carbonate  of  Uthia, 
two  aud  a  half  equivalenta;  from  carbonate  of  baryta,  two  and  a 
half  equivalents ;  and  from  carbonate  of  rtrontia,  three  equivalents 
of  carbonic  acid. 

It  would  be  inferred,  from  these  results,  that  one  equivalent  of 
borado  add  is  capable  of  oombining  with  three  equiralents  (and 
perhaps  even  with  more)  of  a  basic  oxide  of  the  type  MO,  and  that 
its  capacity  for  bases  could  not  be  fully  satisfied  its  action  upon 
the  caibonates  of  the  more  powerM  bases,  on  account  of  the 
energy  wiih  which  they  retained  their  carbonic  add. 

It  might  be  expected  that  since  the  water  is  more  easily  expelled 
from  the  hydrates,  than  the  carbonic  add  from  the  carbonates,  the 
former  woidd  allow  the  boracic  add  to  satisfy  its  capacity  for 
bases  far  more  readily,  and  it  might  be  hoped  that  a  limit  would* 
be  found  to  the  displadng  power  of  this  add  for  water. 

In  the  experiments  made  to  determine  this  question  with  tlie 
hydrates  of  potash  and  soda,  fair  specimen^;  of  the  fuse  d  hydrates 
were  heated  to  dull  redness  in  a  silver  tray  enclosed  in  a  glass  tube, 
through  which  a  current  of  air  was  drawn  by  an  aspirator,  the  air 
having  traversed,  before  entering  the  tube,  a  wash-bottle  with 
strong  potash,  a  wash-bottle  with  oil  of  vitriol,  a  U-tube  with 
fragments  of  fused  potash,  and  a  second  U-tube  with  pumice  and 
oil  of  vitriol.  The  composition  of  the  hydrates  fused  under  these 
circumstances  until  of  constant  weight,  having  been  carefully 
determined,  fresh  quantities  were  fused  in  the  tray  and  weighed  in 
the  corked  tube,  at  intervals  of  ten  or  fifteen  minutes,  until  their 
weight  ceased  to  vary  to  any  important  extent.  A  weip^licd 
quantity  of  freshly  fused  boracic  acid  was  then  introduced  as 
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rapidly  as  possible^  tlie  tube  and  ita  contents  being  again  weighed, 
in  case  a  little  water  or  carbonic  acid  should  have  been  absorbed 
from  the  air.  Heat  was  then  gradually  applied  to  the  tube,  and 
the  boracic  acid  fused  with  the  hydrate,  in  the  current  of  pure  and 
dry  air,  until  the  weight  of  the  (corked)  tube  and  its  contents 
ceased  to  vary  to  any  extent  capable  of  affecting  the  result  of  the 
experiment.  At  the  conclusion,  the  temperature  was  always  high 
enough  to  soften  the  hard  glass  tube,  an  Argand  jjas-lamp  being 
employed,  and  a  hood  of  sheet  platinum  being  plu(^ed  over  the 
heated  j);irt  of  the  tube. 

Since,  in  this  way,  the  boracic  acid  was  aHowcd  to  act  upon  the 
same  sample  of  liydrated  alkali,  which  hail  alieady  been  subjected 
to  the  same  conditions  until  it  ceased  to  lose  weight,  any  loss 
which  was  suflbred  during  the  lusion  with  the  boracic  acid  must 
represent  the  amount  of  water  displaoed  from  the  hydrate  by  that 
acid. 

In  many  of  the  experiments,  a  weighed  chloride  of  calcium  tube 
was  introduced  between  the  fusion-tube  and  the  aspirator,  and 
after  this  had  erased  to  gain  any  water  from  the  fused  hydrate 
alone,  the  boracic  acid  was  introduced  and  the  experiment 
continued  until  the  drying  tube  suHbred  no  increase  of  weight. 

The  gain  of  the  chloride  of  calcium  tube  was  found  to.  corre- 
spond almost  exactly  with  the  loss  of  the  fusion-tube. 

Action  of  Boracic  Acid  upon  Hydrate  of  Potash  at  a  red  heat, 

A  somewhat  unexpected  diiiiculty  arose  in  the  course  of  these 
experiments,  firom  the  tendency  of  the  fused  hydrate  of  potash  to 
absorb  oxygen  when  heated  in  a  current  of  air. 

When  60  grains  of  the  hydrate,  which  had  been  heated  to 
funon  in  the  silver  tray,  and  maintained  in  fusion  for  half  an  hour 
in  the  stream  of  dry  and  pure  air,  were  allowed  to.  cool,  and  dis* 
solved  in  water,  0-4  cubic  inch  of  oxygen  escaped  with  rapid 
effervescence,  and  grey  spangles  of  silver  separated.  The  loss 
suffered  by  the  silver  tray  in  the  course  of  the  experiment  amounted 
to  0*14  gm.,  and  the  corrosion  of  the  tray  was  evident,  soon  after 
the  commencement  of  the  fusion,  from  the  appeanmce  of  lustrous 
spangles  of  silver  in  the  dear  fused  hydrate. 

The  fused  masses  obtained  with  hydrate  of  potash  and  boracic 
•  acid  effervesced  very  rapidly  with  water,  from  the  evolution  of 
oxygen,  and  allowed  inky  black  flakes  to  sepajate,  which  appeared 
to  be  simply  silver  in  a  finely  lUvidcd  state. 
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In  order  to  ascertain  to  what  extent  this  al)sorptioii  of  oxygen 
wouhl  interfere  with  tlie  determination  of  tlie  amount  of  water 
displaced  by  the  horacie  acid,  the  tube  containing  the  fussed  masH 
was  heated  until  its  weight  was  very  nearly  constant,  and  a  weighed 
drying  tube  was  then  attaclied  to  the  fusion-tube ;  on  continuing 
the  application  of  heat  for  half  an  hour,  in  a  cnrrent  of  drj^  and 
pure  air,  the  fusion-tube  with  the  hydrate  had  lost  only  0  02  grn., 
whilst  the  drying  tube  had  gained  017  grn.  of  water,  showing  that 
the  absorption  of  oxygen  by  the  fused  liydrate  was  attended  by  a 
disengagement  of  water.  On  dissolving  the  fused  mass  in  water, 
C  o  cubic  inch  of  oxygen  was  collected,  the  weight  of  which  would 
be  017  grn.,  80  that  it  woulcl  have  exactly  counterbalanced  the 
loss  of  water.  Doubtless  the  oxygen  absorbed  is  not  exactly  eqnal 
to  the  water  expelled ;  but  it  was  proved  by  leveral  experiments 
that  the  difference  between  the  two  wdghts  was  not  sufficient  to 
affect  the  result  of  the  experiment. 

In  no  case  of  the  fusion  of  boraoio  acid  with  hydrate  of  potash^ 
was  more  than  0'5  cubic  inch  of  oxygen  disengaged  when  the  mass 
was  dissolved  in  water. 

In  order  to  ascertain  the  composition  of  the  specimen  of  hydrate 
of  potash  employed,  and  to  prove  that  when  subjected  to  the  con- 
ditions of  the  experiment,  the  potash  remained  in  combination 
with  a  single  equivalent  of  water,  the  following  experiments  were 
made. 

1.  29*16  gms.  of  a  good  specimen  of  the  fused  hydrate  were 
fused,  in  the  silver  tray,  in  a  current  of  pure  dry  air,  for  fifteen 
minutes,  till  the  hydrate  began  to  volatilise,  slightly.  The  loss 
amounted  to  8*56  gms,  or  12*2  per  cent.,  representing  the 
extraneous  water.  On  further  heating  for  ten  minutes,  it  gained 
0*03  grn. 

25*04  gms.  of  this  fused  mass,  dissolved  in  water,  and  the 

carbonic  acid  determined  in  Fresenius  and  Will's  apparatus,  gave 
0*8  grn.  carbonic  acid,  6r  3*19  per  cent. 

2.  27'96  gms.  of  the  hydrate  which  had  been  fused  till  it  ceased 
to  lose  weight,  were  dissolved  in  water,  and  the  total  amount  of 
available  alkali  determined  by  neutralising  with  hydrochloric  acid 
of  known  strength.  The  (alkaline)  potash  present  amounted  to 
22  79  gms.  or  81  5  per  cent.  Deducting  from  this  the  weight  of 
potash  required  to  combine  with  the  carbonic  acid,  viz.  6*8  grns., 
there  arc  left  Tl'T  grns.  of  jiotash  present  as  hydrate,  which  would 
give  8D'0  per  cent,  of  hydrate  of  potash. 
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The  solution  neutralised  witli  liydrochloric  acid  was  evaporated 
to  drvness,  the  residue  ignited  and  weighed;  it  gave  3G  61  ^rus., 
which  contained  0  37  gru.  of  sulphate  of  potash,  and  0'3G  grn.  of 
chloride  of  calcium,  leaving  35*91  grns.  uf  chloride  of  potassium, 
representing  22*65  grns.  of  potash,  or  81"0  per  cent.  Deducting 
from  100  parts  of  the  hydrate,  the  sum  of  the  constituents  thus 
determined  (viz. :  potasli,  carhonic  acid,  sulphate  of  potash,  and 
lime),  amomiting  to  85  24  grns.,  there  are  left  14*76  grns.  to 
represent  the  water  of  hydration.  The  amount  of  water  required 
by  theory  to  combine  with  the  74*7  of  potash  present  as  hydrate, 
would  be  1 4-*3  grns. 

Since  the  sample  contained  small  quautities  of  alumina,  silicsy 
and  chloride  of  potaflaium,  it  may  fairly  be  concluded  that  one 
equivalent  of  potash  was  combined,  in  the  fused  hydrate  with  one 
equivalent  of  water. 

The  hydrate  of  potash  fused  till  it  oeaaed  to  loee  weight,  con** 
tained  therefore,  in  100  parts. 

Hydrate  of  potash  89  00 
Carbonate  of  potash  9*d9 

with  ft  little  lime,  atumina,  snlpborio  aoid,  nlicay  and  chlcmne. 

Three  ezperime&ta  were  made  npon  the  action  of  barade  aeid 
on  the  hydrate  of  potash,  with  the  results  exhibited'  in  the  sub* 
joined  taUe. 

Actual  M'eights  in  grains.  Number  of  equivalents.* 

Boxacic       Uvdrato       Water  Boracic       Uydraie  Water 

Add.      ofr^Utthf.    expelled.  Aeld.      ofPoteflh.  expelled. 

I.     9*98  41-90  5*01  1  8*00  1*96 

XL    9^8  41  GO  4  76  1  8-70  1*98 

111.    4*98  81-78  8*89  1  8*98  808 


In  the  last  expeiiment,  the  air,  after  leaving  the  tube  in  whieh 
the  fudon  was  oonduoted^  passed  through  a  bottle  containing  lime* 
water^  which  gave  not  the  least  indication  of  the  presence  of 
carbonic  acid. 

The  mean  of  the  last  two  experim^ts  would  give  exactly  two 
equivalents  (18)  of  water  displaced  by  one  equivalent  (84*9)  of 
boracic  acid  from  an  excess  of  hydrate  of  potash. 

•  Bquivaleni  of  boneie  add  —  84*9 ;  byclratc  of  potash  m.  47 ;  water  «  9. 
tOMeiilatod  finAa  the  reoalt'of  the  pieUminaiy  inatyais. 
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Action  of  Boracic  Acid  upon  Hydrate  0/  JSoda  at  a  red  heat. 

Hydrate  of  soda  attacked  the  silver  tray  very  slightly,  its 
weight,  in  some  experiments,  not  having  perceptibly  diminished ; 
and  tlie  fused  ma^d  evolvud  Iiai  diy  a  trace  of  gas  when  dissolved 
in  water. 

Tlic  sample  of  hydrate  of  soda  employed,  when  fused  till  its 
weight  w  as  constant,  lost  127  per  cent,  of  extraneous  water. 

The  hydrate  thus  freed  from  water,  was  analysed,  as  in  the 
case  of  hydrate  of  potash,  and  was  found  to  contain^  in  100  parts^ 

Hydrate  of  soda  90-41 
Carbonate  of  soda     4  02 

with  a  little  aliimiii%  aiUca,  lime,  chloriiie,  and  salphnric  add* 

The  subjoined  table  exhibits  the  results  of  three  experiments 
'  upon  the  action  of  boracic  acid  on  the  hydrate  of  soda. 


Actual  wcighti  in  graing.  Number  of  equivalents*. 


Boracic 

Uy  (irate 

Water 

Boracic 

Uvdrate 

Water 

Acid. 

Of  8od«.t 

expelled. 

Add. 

of'SodA. 

ezp«Ued. 

L 

4*89 

81-91 

B-77 

1 

2*98 

II. 

4  46 

8S'78 

3  43 

1 

70 

S'N 

807 

*• 

210 

1 

804 

The  mean  of  these  experiments  would  give  exactly  three 

equivalents  (27)  of  water  displaced  by  one  equindent  (34*9}  of 

boracic  acid  from  an  excess  of  hydrate  of  soda. 

AclUm  fif  Borate  AM  upon  Hydrate  of  Baryta  at  a  red  hedtt. 

Since  it  was  proved  by  experiments  described  in  a  former  com- 
munication |  that  hydrate  of  baryta  when  fused  in  a  silver  crucible 
till  of  constant  weight  is  represented  by  the  formida  BaO.UO,  the 
experiments  upon  the  quantity  of  water  displaced  from  it  by 
boracic  acid  were  made  in  a  closed  silver  crucible. 

Crystallised  hydrate  of  baryta,  the  purity  of  which  had  been  ascer- 
tained by  a  quantitative  analysis,  was  effloresced  in  vacuo  over  oil  of 
vitriol^  until  it  was  oonterted  into  the  compound  BaO.IlO  +  Aq.§. 
The  proportion  of  water  having  been  verified  by  direct 

♦Equivalent  of  soda  =  81 

t  Calculated  from  the  result  of  the  prelimiiiaiy  analj-sls. 
i  A  fresh  quttitilj  of  boncte  acid  was  sdd«d  to  the  foied  hwh  in  II,  sod  th« 
czperimont  continued. 
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experiment^  a  weighed  quautitjr  of  the  hydrate  was  rapidly  and 
intimately  mixed  with  a  weighed  quantity  of  pure  boradc  acid 
dried  at  212*^  Fah.,  which  had  been  previouslj  shown  to  have  the 
composition  HO.BO3. 

The  crucible  was  then  covered  and  heated  until  it  ceased  to  lose 
weight.  By  subtracting  from  tlio  loss  of  weight  suffered  by  the 
contents  of  the  crucii)lo,  the  weight  of  water  known  to  be  expelled 
by  heat  from  the  effloresced  hydrates  of  b;tr\  lu  aiul  boracic  acid, 
the  amount  of  water  really  displaced  from  the  hydrate  of  bai'ytaby 
the  boracie  acid  was  inferred. 

In  the  following  table,  the  results  of  four  experimeuts  of  this 
description  are  recorded. 

Actual  weight  in  grains.  Number  of  equivalent**. 

Boracic  Acid      Hytlnito  of  liarjta     Water        Bonuic   Hydrate  Water 
(UO.BO3).       (iiaO  HO  +  Aij.)    expelled.       Aciil.   of  liaryta.  expcHtdt. 


I. 

3  17 

27  36 

530 

1 

4.00 

2  :»2 

11. 

S'OO 

1 

8'(»5 

812 

III. 

2*61 

aieo 

4ir 

1 

4*00 

811 

IV. 

2-M 

S5-47 

4*87 

1 

4-00 

8  08 

From  the  mean  of  these  experiments,  it  appears  that  almost 
exactly  three  (3  ()15)  equivalents  (27)  of  water  are  displiiced  by 
one  e(|uiv{deut  (34!'9)  of  boracic  acid  &om  au  excess  of  hydrate  of 
baryta. 

If  the  equivalent  of  boracic  acid  be  taken  as  31-9,  it  displaces, 
from  hydrate  of  potash,  two  equivalents,  and  from  the  hydrates  of 
soda  and  baryta,  tlii  c  e  etiuivalents  of  water.  Now,  it  was  found  in 
the  experiments  cited  above,  that  one  equivalent  of  boracic  acid 
displaced  only  two  and  a  half  equivalents  of  carbonic  acid  from  the 
carbonate  of  baryta,  though  it  displaced  three  eqaivalents  from  the 
carbonate  of  strontia,  which  stands  in  the  same  position  with 
re^ct  to  the  carbonates^  as  hydrate  of  baryta  does  to  the  hydrates, 
that  is,  the  next  in  the  series  of  carbonates  (carbonate  of  lime)  is 
decomposible  by  heat  alone,  just  as  hydrate  of  strontia  (the  next 
in  the  series  of  hydrates). 

If  it  he  granted  that  the  water  in  hydrate  of  barjrta  is  more 
easily  dispUiced  than  that  in  hydrate  of  soda,  it  follows  that  since 
boradc  acid  displaces  no  more  water  from  the  former  than  from 
the  latter,  its  capacity  for  bases  must  he  satisfied  by  the  three 
equivalents  of  soda  or  baryta  with  which  it  then  combines,  as  by 

*  Equivalent  of  baryUi  =  V6  5. 

t  After  Ucductiug  ihat  due  to  the  tuatcriulii. 
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the  three  cqaivalents  of  strontia  with  which  it  comhined  when 
heated  with  the  carbonate. 

If  the  nmnber  34*9  be  retained  for  the  equivalent  of  boradc 
acid,  it  must  therefore  be  regarded  as  a  tribasic  acid ;  a  view  which 
may  be  thought  to  receive  some  support  fVom  the  following  con- 
siderations. 

Boracic  ether  is  represented^  upon  the  ethyl  hypothesis,  as 
8C4II5O.  BO3,  and  its  analogues  in  the  methyl  and  amyl  series 
have  a  similar  composition.  Crystallised  boracic  acid  has  the  formula 
8HO.BO3.  Borate  of  magnesia,  obtained  by  Rararaelsborg  l)y 
boilinj];  a  solution  of  borax  with  snlj)b<'ito  of  magnesia,  had  the 
composition  3MgO.  BO.,.  Octohcdiul  borax^  and  common  borax 
dried  at  212°  F.,  have  the  composition  NaO.^iiO,  +  5IIO,  which 
may  be  represented  as  a  tribasic  salt  if  the  water  be  considered  to 
play  the  part  of  a  base. 

The  biborate  of  potash,  according  to  Laiircnt,  has  a  similar 
composition  KO.2BO3  +  5IIO.  A  terboratc  of  potasli,  obtained 
by  Laurent,  had  the  composition  K0.3B0.J  +  8HO,  which  would 
also  be  a  tribasic  salt  if  the  water  were  admitted  into  the  formula. 

The  tendency  of  boracic  acid  to  form  acid  salts  and  double 
salts,  is  not  observed  iu  acids  which  are  undeniably  monobasic. 

Action  qf  Silieie  Acid  «poti  Hydrate  qf  Patoih  at  a  r£d  heat. 

The  experiment  was  conducted  in  exactly  the  same  manner  as 

in  the  case  of  boracic  acid.  The  fused  mass  of  silicate  of  potash 
dissolved,  in  every  case,  entirely  in  water,  with  the  exception  of  a 
few  white  lustrous  flakes  of  silver,  disengaging  oxygen  with  rapid 
effervescence.  The  largest  qnautity  of  oxygen  disengaged  (from  a 
mass  containing  40  grains  of  hydrate  of  potash,  which  had  been 
fused  for  about  an  hour,  in  all)  was  0*9  cub.  iu.,  wliich  would 
weigh  0-31  grn.,  and  would  be  at  least  partly  compensated  for  (as 
shown  by  the  experiment  previously  cited)  by  a  corresponding  dis- 
placenuMit  of  water  from  the  fused  hydrate. 

The  annexed  table  contains  the  results  of  four  experiments. 

Aofnal  weii^liU  in  gniin«.  Nunilicr  of  equivalmtfl.* 

Silicic  Hydrate  Water  Silicic  Hydrate  Water 

Add.  ofPotaaht.  expelled.  Add.  ofFotaah.  expelled. 

I.     4-65  81*46  S'lff  1  S-e  l  U  . 

ir.     4-64  4V2»  2-26  1  4*7  1  02 

III.  5  20  32-17  2-44  1  8*»  145 

IV.  4  07  81-24  2-29  1  8*8  1-68 

*  I'(|iiivaloiit  of  j^ilicie  nrid  SjO  )  =  30. 

t  Calculated  from  tlw-  result  of  the  prc'iniinarv  analysis. 
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The  silicic  acid  used  in  these  experiments  had  been  prepared  by 
the  fusion  of  sand  witli  carbonate  of  soda,  and  carefully  purified 
irom  all  soluble  ingredients  by  the  usual  processes. 

It  appears  from  these  experiments  that  tlie  proportion  of  water 
expelled  increases,  to  a  slight  extent,  with  the  proportion  of 
hydrate  of  potash  employed;  but  if  the  mean  of  experiments  I, 
III,  and  IV  be  taken,  we  have  almost  exactly  1  '5  eqs.  (13*6)  of 
water  displaced  by  one  equivalent  (30)  of  sUictc  acid  from  an  ezoeia 
of  hydrate  of  potash  at  a  red  beat* 

Action  qf  Silicic  Acid  upon  Hydrate  qf  Soda  at  a  red  heat. 

The  tame  specimen  of  silicie  acid  was  naed  for  these  eoqieri- 

ments,  topjcther  with  the  hydrate  of  soda  employed  in  the  case  of 

boracic  acid. 

Actual  weights  in  grains.  Number  of  equivalents. 

Silicic        Hydrate        Water  Silicic        Hydrate  Water 

Acid.        of  8odat.     expelled.  Acid,        of  Soda.  expelled. 

I.  85  75  e*94  1  5*6  2*02 

IL    491  84*04  8-08  1  6-2  2  05 

These  results  indicate  that  almost  exactly  two  equivalents  (18) 
of  water  are  displaced  by  one  equivalent  (30)  of  silicic  acid  from 
an  ezeeas  of  hydrate  of  soda  at  a  red  heat.* 

Actum  qf  Silicic  Acid  upon  Hydrette     Baryta  at  a  red  heot. 

The  experiments  with  hydrate  of  baryta  and  silieic  acid  were 
attended,  as  might  be  expected,  with  more  difficnlty,  partly  from 
the  want  of  fiisi])ility  of  the  silieate  of  baryta,  and  partly  from  the 
disparity  in  the  equivalent  numbers  of  these  l)odies. 

The  first  three  experiments  in  the  table  were  made  in  a  covered 
silver  crucible,  and  Uie  fourth  in  the  silver  tray^  heated  in  a  curreDt 
of  dry  and  pore  air. 

In  experiments  II  and  III,  the  silicic  acid  (in  II,  prepared  from 
sand,  in  III  pore  rock-ciystal)  was  mixed  with  effloresced  hydrate 
of  baryta,  the  extraneons  water  having  been  determined  by  pre- 
liminary analysis,  and  allowed  for  in  the  calculation. 

In  1  and  IV,  the  hydrate  of  baryta  was  foaed  till  it  eeased  to 

•Col.  Yorko  found  that  30  parts  of  silicic  acid  expelled  8  76  of  water  (0*97  cqs.) 
from  hydrate  of  potash,  and  16*7  of  water  (1  74  eqs.)  from  hydrate  of  soda,  the  fbaion 
htSx^  flflMtod  in  a  erodblA. 

t  Oaloolated  from  the  prdiminaiy  analyvia. 
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lose  weight,  the  silicic  acid  then  added^  and  the  Auum  Ofmturaed 
till  no  further  loss  was  perceiTed. 

The  fused  mass^  in  every  case^  gelatimsed  when  treated  with 
dilute  hydrocliloric  acid. 

Actual  weights  in  graioa.  Knmber  of  equivalents. 

Silietc    HTdrateofBaiyta   Water        SilioSe    Hjdisto  Water 
Add.        (BaO.HO).       expelled.       Add.   ofBeiyta.  ezpdled. 

T.  1-97  2130  1-09  1  8'8 

II.  3-31  30-47  1-83  •          1  82  1'85 

III.  8-61  80-49  1-97  1  8-0  1*82 

17.  8-85  81  78  1-61*  1  8-9  1  88 

It  may^  I  hope;  be  toly  inferred  firom  these  experiments^  that 
one  equivalent  (30)  of  silicic  acid  does  not  displace  more  than  two 
equivalents  (18)  of  water  from  hydrate  of  baryta  at  a  red  heat. 

Silicic  add  then,  like  boradc,  appears  to  have  satisfied  its  capacity 
for  bases  in  its  action  upon  hydrate  of  soda,  when  it  combines 
with  two  equivalents  of  that  alkali,  since  it  refuses  to  displace  a 
larger  proportion  of  water  from  the  hydrate  of  baryta.  If  the 
formula  SiO^  (=  30)  be  accepted  for  silicic  acid,  it  would  be  a 
bibfisic  acid,  a  conclusion  to  which  the  following  cousidcratious 
lend  some  support. 

The  disilicate  of  ethyl  has  the  formula  2CJl50.SiOa.  The 
ordinary  specimens  of  crystallised  finery-cinder  and  of  the  slag 
from  copper-smelting  furnaces  (melting  for  coarse  metal),  have 
the  composition  2  FeO.SiO^.  It  is  also  commonly  asserted  that 
the  most  fusible  slag  from  the  hln^t  furnace  is  that  in  which  the 
oxygen  contained  in  the  bases  ccjuals  that  in  the  silicic  acid^  which 
is  the  case  in  silicates  of  the  bi basic  type  (2MO.SiOs). 

Berzelius  obtained  the  salts*- 

KO.  Ala03.2Si02  and 
NaO.AlaO3.2SiO, 

which  are  obviously  bibasicj  since  AI2O3  is  equivdent  to  8MO.  . 

Soheererf  has  recently  found  that  SO  parts  of  silide  acid  fosed 
with  a  large  exeeis  of  carbonate  of  soda  at  a  high  temperature, 
eipel  44  parts  of  carbonie  add.    CoL  Torke  had  previously 

•  Increase  of  weight  of  the  cliloridc  of  cnleinm  tiibr.  The  logs  of  weight  fuffered 
ij  the  fusion  tube  was  TCS,  which  would  give  101  eqt.  of  watt  r  (lisi»1accd  by  1  eqt. 
)f  silicic  acid.  Oa  the  supposition  that  1  eqt.  of  SiO^.  had  displaced  2,  cqs.  liO,  iho 
letasl  weight  of  th«  vstor  shonld  be  1*71  gns. 

t  Ana.  Cb.  PhanL  erd.  129. 
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shown  that  80  partft  of  silicic  acid  expelled  44  parts  of  cnxbonic 
acid  from  carbonate  of  lithia  at  a  high  temperature. 

The  disposition  of  silicic  acid  to  form  acid  salts  and  doable  salts 
does  not  belong  to  a  monobasic  acid. 

The  formiilsB  of  some  of  the  chief  natural  silicates  constituted 
upon  a  bibasic  type  are  here  giyeu. 

Villarsite  2(2MgO.Si02)  +  Aq. 

Batrachite  2CaO.  SiO,  +  2M  gO.SiOa* 

Cerite  dCeO.SiO,  +  2Aq. 

.  Bucholrite  2Al203.3SiO« 

Pholerite  gAl^Oa.SSiO^  +  Aq. 

Vcsuviau  3M0.1M.P3.3SiO,t. 

Garnet  SMO-MjOj-SSiO, 

A^:,}  CuO.A.,03..S.O, 

Sodalite  SCNaO.SiO,  -I-  Al,0,.SiO^  +  KaCI. 

Zircon  2ZrO.SiO, 

Pliciiakitc  2G10.Si02 

llclvine  GlO.MnO.SiO3 
Hydrosilicateof  manganese  2MnO.Si02  +  2Aq. 

Karphoiite  MnO.Al303.2SiOa  +  2Aq. 

Electric  Calamine  SZnO.SiO,  +  Aq. 

Hyalosiderite  dMgO.^PeO.SSiOa. 

Kncbelite  MuO.FeO.SiOo 

Cyanite  2Al203.8Si02  (Klaproth). 

Hisingerite  FeO.FesO3.2SiO,  +  6Aq. 

Olivine  2(MgFe)0.Si02 

Several  points  of  resemblance  between  carbon^  boron,  and 
silicon,  as  well  as  between  their  acids,  lead  many  chemists  to 
associate  them  as  a  natural  group.  But  the  atomic  weights 
(6, 10*9,  and  14)  do  not  exhibit  any  such  simple  numerical  relation 
as  is  frequently  to  be  traced  in  other  groups  of  elements  presenting 
similar  analogies. 

If  the  group  BO3  which  appears  by  the  above  experiments,  to 

•  Aooonlin;:  to  M  i  t  srlicrli  oh.  many  fnrnaoc  plaj^,  having  the  d^stalliue  form 
of  oliviuc  have  the  Bainc  eoniposiliun  an  hatraichite  ((.imelin). 

fMO  reprcflenting  CaO,  FeO,  MnO,  or  MgO,  and  M.O^Fe.O^  or  Al.Oj. 
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represent  3H0,  be  supposed  really  to  contain  3  atoms  of 
boracic  acid,  the  atomic  weight  of  tlie  latter  would  be  ^^^or  11"6 
and  tliat  of  boron,  3*6. 

Again,  if  Si02  be  supposed  to  represent  2  atoms  of  silicic  acid, 
the  atomic  weight  of  the  latter  would  be  ttnd  that  of 

silicon  7. 

The  atomic  weights  of  the  three  elements  would  then  be 

Boron  3*6 

Carbon  6  ' 

Silioon*    .....  7 

The  atomic  weight  of  boron  added  to  twice  that  of  silicon^ 
would  then  give  (17  6)  nearly  thrice  that  of  carbon. 

If  boracic  acid  be  regarded  as  BO^,  the  atomic  weiglit  of  boron 
would  be  7*3,  or  almost  exactly  half  that  assigned  by  Berzelius  . 
to  silicon  (14*8). 

According  to  this  yiew,  the  numbers  would  be 

Carbon  6 

Boron  7*8 

Silicon  14*8 

an  arrangement  more  in  accordance  with  our  knowledge  of  the 
gradations  observed  in  the  properties  of  carbonic,  boracic,  and 
sibcic  acids,  such  as  their  displacing  power  over  water,  their 
physical  states,  solubility,  acid  character,  &c. 


XIII. — On  some  MmfraUfrom  ChUe* 
By  F&£D£&icK  Field. 

A  SHORT  paper  published  in  the  Journal  of  this  Society  (Vol.  xii, 
p.  8)  on  some  minerals  containing  arsenic,  sulphur,  and  cop[)er 
from  Chile,  was  coneluded  by  the  observation  that  I  was  then 
engaged  in  the  investigation  of  a  mineral  containing  sulphur, 
antimony,  copper,  and  iron,  with  small  quantities  of  silver,  the  ore 
being  thickly  sprinkled  with  bisulphide  of  iron ;  no  specimen  could 

*  If  th*  fttomic  velght  of  dliete  sdd  be  taken,  according  to  Berselin^  u  BO-8, 
<lMioliilieon,npoiitli« abor^hTpotheni^  would  be 7*3;  or,  if  tbst given hj  Peloaae 
(BO'S)  be  enplojedi  the  stoni  of  fUlooii  would  bo  7*1,  ilmosfe  oxaotly  doable  that  of 
boron. 

VOL.  XIV.  M 


Digitized  by  Google 


154 


FIELD  ON  SOME  MINERALS 


be  obtained  pure  enongb  for  analysui.  After  nnicb  tune  bad  been 
bestowed  upon  ibis  lubBtanoe^  no  formula  could  be  deduced^  as 
tbe  iron  pyrites  seemed  to  be  intimately  blended  witb  the  mineral 
itself.  The  disooTeiy  of  tbe  oompound  Cu^S^S,  analogous  to 
the  beantiM  silver  mineral  AgS^AsSg  rendered  it  very  interesting 
to  find  a  corresponding  Cu^S^SbS,  to  the  dark  antimonial  nlver 
ore  AgSjSbSg.  All  endeavours,  however,  as  just  observed^ 
were  unsuccessful.  The  pentasulphide  of  antimony  in  com- 
bination with  3  equivalent^^  of  disulpliidc  of  copper,  correspond- 
ing to  Guayacanite  (the  new  mineral  1  described  in  the  paper 
above  referred  to)  -wliich  consists  of  pentasulphide  of  arsenic, 
with  3  equivalents  of  disulphidc  of  copper^  is  also  uukuowu  at 
present. 

Further  investigations,  however,  led  to  the  discovery  of  many 
singular  specimens,  some  of  wliicli,  though  not  altogether  new  to 
mineralogieal  science,  may  prove  interesting  to  tlic  Society. 

Protoxide  of  Copper. — The  combination  of  one  equivalent  of 
copper  with  one  of  oxygen,  as  a  mineral  production,  is  rather  rare. 
The  suboxide  of  copper  so  frequently  encountered  where  the  native 
metal  prevails,  appears,  upon  exposure  to  the  atmosphere,  or  from 
other  causes  more  difficult  to  explain  to  pass  at  once  to  the  dicar- 
bonate,  assuming  at  the  same  time  both  oxygen  and  carbonic  acid. 
The  black  eartliy  looking:;  belt,  wliicli  so  frequently  surrounds 
masses  of  ruby  copper,  and  which  is  described  in  some  works  as 
the  protoxide,  contains,  as  far  as  my  own  experience  extends^  a 
Tery  large  proportion  of  sulphur,  and  although,  not  perhaps,  % 
true  definite  oxysulphide,  can  by  no  means  be  regarded  as  a  pro- 
toxide; in  fact  it  contains  no  protoxide  whatever,  but  is  a  mixture 
of  disulphide  and  suboxide  of  copper.    The  black  oxide  of  copper 
had  only  been  known  as  existing  in  the  Yesuvian  lavas,  until  the 
great  disooveries  in  North  America,  both  in  the  valley  of  the 
Mississipi  and  on  the  borders  of  lake  Superior,  revealed  this 
mineral  in  Comparatively  large  quantities.    Quite  recently  exten- 
sive veins  of  copper  ore  have  been  discovered  in  the  extreme 
north  of  Chile  (at  longitude  25°  S.),  consisting  essentially  of  pro* 
toxide  of  copper  associated  with  carbonate  of  lime  and  a  dark 
lustrous  minml,  apparently  a  variety  of  hornblende.    The  ore^ 
which  has  a  dark  brown  earthy  aspect,  effervesces  strongly  upon 
addition  of  bydrochlcnic  add,  so  that  at  first  it  might  be 
supposed  to  be  a  combination  of  the  metal  with  carbonic  add ;  but 
that  this  is  not  the  case  is  evident,  upon  a  doser  investigation  of 
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the  mineral,  as  well  as  from  the  fact  that  it  can  be  ignited  to  low 
redness,  and  maiutaincd  at  that  temperature  for  some  little  time, 
TV'ithouL  suffering  much  diminution  m  weight,  whereas  the  car- 
bonates of  copper  are  deprived  of  their  carbonic  acid  aluiost 
instantaneously  when  exposed  to  liigh  degrees  of  heat.  A  quali- 
tative examination  showed  the  presence  of  oxide  of  copper,  sesqui- 
oxide  of  iron,  carbonic  acid,  lime,  chlorine,  water,  and  a  substance 
insoluble  in  acids.  A  quantitative  analysis  gave  the  following 
numbers : — 


Copper .      •  • 

.  86*34 

Lime  . 

.  11-61 

Fefozide  of  iron  • 

.  7-87 

Carboiiio  add 

*  9-82 

Chlorine 

•  0*26 

Water  . 

.  0-28 

Beaidoe 

.  25^28 

90-90 

The  chlorine  in  the  mineral  was  attodated  with  copper,  oodde 
of  copper,  and  water,  forming  the  ozychloride  of  the  metal,  and 
the  carbonic  add  with  the  lime,  as  11*61  of  that  earth  requires 
9-12  of  carbonic  add  to  form  a  carbonate^  and  analysiB  ahewa 
9*82.  The  greater  part  of  the  copper  evidently  exists  as  protoxide, 
and  the  constitation  of  the  mineral  may  be  thus  expreaaed: — 

Oxide  of  copper       .  •   42'92 

Oxychlbride  of  copper  (8CuO,  CuCl,  4llO)       .  2  89 

Carbonate  of  lime   20*73 

Peroxide  of  iron   7*87 

Residue   2523 

Loaa   0-86 


10000 


If  the  impurities  be  removed,  viz.,  the  residue  insoluble  in  acids, 
peroxide  of  iron  and  carbonate  of  lime,  we  obtain 

Oxide  of  copper  .  •  93*69 
Oxy  chloride  of  copper   .  6*31 

lOOHX) 

M  2 
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Black  Amorphous  Sulphate  of  Lead^^kn  exceedingly  curious 
form  of  sulphate  of  lead  was  found  in  amine  a  few  leagues  N.W.  of 

Coquimljo.  It  occviricd  in  lar^^e  black  masses,  in  the  centre  of 
which  a  small  vein  of  finely  grained  galena  was  running.  The 
sulphate,  having  a  black  earthy  appearance,  with  no  trace  of 
metallic  lustre  was  rejected  by  the  miners  as  worthless.  Its  high 
specific  gravity  proved  however  that  it  consisted  essentially  of  a 
compound  of  one  of  the  heavier  metals,  and  analysis  shewed  that 
it  was  sulphate  of  lead  coloured  with  a  small  percentap^c  of  pro- 
toxide of  iron.  Hydrochloric  acid  at  the  boiliug  temperature 
decomposed  it  entirely,  forming  a  pale  prreen  solution,  due  to  pro- 
tocldoride  of  iron,  or  rather  perhaps  protosnlphate,  as  free  sul- 
phuric acid  existed  in  the  liquid,  and  ou  cooliniz;  the  greater  part 
of  the  lead  was  deposited  as  chloride.  Sp.  gr.  of  the  uuuejral  6'20 
100  gra.  yielded 

SulpliBteof  lead  .  .  .  96*74 
Protoidde  of  iron  .  3*16 

Silver  .      .  .  •     .  traces 

d9'90 

The  galena,  which  formed  as  it  were  the  nucleus  of  the  mass 
contained  (as  is  generally  the  case  with  the  fine-grained  sulphide 
of  lead)  appreciable  quantities  of  silver,  far  more  so  than  the 
exterior  .-^ulpliate. 

Basic  Persulphate  of  Iron. — Tliis  beautiful  mineral  has  been 
described  in  mineralogical  treatises  as  jibroferrite.  As  however 
numerous  sulphates  appear  to  exist,  among  which  may  be  men- 
tioned, Fe.jO  J,  SO.,,  generally  cited  in  chemical  works  as  the  one 
found  native  in  South  America,  an  account  of  the  true  iibro- 
ferrite  may  not  jierhaps  be  out  of  place. 

This  mineral  is  found  in  botryoidal  masses,  each  rounded  nodule 
being  built  up  of  innumerable  silky  fibres  diverging  from  the 
centre,  and  of  a  pale  golden  green  colour.  It  consists  of  two 
equivalents  of  sulphuric  acid  in  combination  with  one  of  sesqui- 
oxide  of  iron  i^efi^  ^^O^,  and  10  of  water. 

Calculated.  Found. 
Sulphuric  acid    .       .    32  0  31-94. 

Peroxide  of  iron .       •    32  0  31  89 

Water      .      .       .    360  35*90 

100*0         99  73 
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After  ezporare  to  the  air  for  a  few  weeks^  it  loses  two  equivalents 
of  water  and  becomes  Fe^03j2SOsj8HO,  and  does  not  decrease 
further  in  weight  eren  after  many  months.  Heated  in  a  water 
bath  at  2l2'*F.,  it  loses  7  atoms  of  water,  the  residue  consisting  of 
FegOj^^SOySHO^  and  it  requires  a  ycry  high  temperature  for 
the  expulsion  of  the  last  8  equivalents.  When  subjected  to  a 
temperature  of  between  600°  to  600^  F.  for  some  hours^  the' 
whole  of  the  water  is  expelled  and  a  pure  bisulphate  of  peroxide  of 
iron^  peffectlj  anhydrous^  remains. 

Calculated.  Found. 
Peroxide  of  iron       .    50-00  49*87 

Sulphuric  acid  .       .    60  00  49  98 

100  00  99*85  • 

When  fibroferrite  is  digested  in  cold  water^  it  is  partially  dis- 
Bolved,  the  solution  containing  both  iron  and  sulphuric  add,  and 
having  a  slightly  add  reaction  to  test  paper.  The  phenomoia 
produced  by  the  action  of  boiling  water  are  interesMi^;.  The 
mineral  becomes  decomposed  at  a  temperature  of  about  120"  F., 
into  an  ochreish  yellow  amorphous  substance,  and  a  sohibJe  sal^ 
the  solution  of  which  is  strongly  add.  10*00  grains  of  fibroferrite 
were  digested  in  boiling  water  for  an  hour,  and  the  residue  dried 
on  a  water  bath  at  212.  This  insoluble  portion  weighed  exactly 
3  00  grains,  and  yielded  on  analysis  2*100  peroxide  of  iron,  -528 
sulphuric  acid,  and  'SGH  water,  being  evidently  a  combination  of 

2  equivalents  of  peroxide  oi  iron,  with  1  of  sulphuric  acid,  and 

3  of  water. 

Calculated.  Found. 
2FeaOs  .  .  .  70-49  7000 
1  SO3  .  .  .  17*61  17-60 
SHO      .       .       .    11*90  12*26 


10000  99-86 

or  dFosOySOsSHO. 

The  sulphuric  acid  in  the  filtrate  was  found  to  weigh  2'640, 
and  tlic  peroxide  of  iron  1*06,  the  loss  agreeing  very  closely  with 
the  7  equivalents  of  water  which  separated  at  212**. 

Sulphuric  acid  evidently  exists  in  a  free  state,  as  well  as  in 
combination  with  peroxide  of  iron,  as  the  persulphate.   Thus  it 
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appean  that  8  equWalents  of  filnroferrite  liave  iplit  up  into 

1  equivalent  of  a  very  baric  ralpbate,  1  of  ordinary  sesquisulphate, 

2  of  free  snlpliuiie  acid  and  water. 

SCFegOg^JSOaAOHO)  =  2Fefi^S0^  +  280,  +  Fe^OyaSO, + xHO. 

The  insoluble  compound  described  above  is  found  native,  and 
very  often  associated  with  fibroferrite.  Should  the  scsquisulphate 
of  iron  and  free  sulphuric  acid  come  in  contact  with  scsquioxide  of 
iron  and  m  ater,  fibroferrite  might  be  reproduced. 

2(FeaO,,3SOy  +  2SO,)  +  8Fea03+  60HO=5(FeaO„2SO3,-4.  XOHO). 

It  is  somewhat  singular  that  from  FcgO,,  2SO3,  in  wliich  two 

atoms  of  acid  are  united  Avith  one  of  base,  a  compound  with  two  of 
base  witli  one  of  acid  sliould  be  derived. 

Bovrnonite. — Boumonite  was  unknown  in  South  America,  and 
I  believe  in  the  New^  World,  until  the  year  1858,  when  I  met  with 
it  in  a  mine  near  Huasco,  in  the  northern  part  of  Chile.  The 
specimen  was  crystallized.  Hardness  2*5 ;  specific  g-ravity  5-HO. 
It  resembled  in  every  respect  the  samples  found  in  Cornwall  and 
some  parts  of  Germany.    100  grains  yielded — 


Salpbnr   20*46 

Antimony   26-21 

Lead   40*76 

Copper   12*52 


99-94 

A  specimen  from  ComwaU  gave— 

Sulphur   20-80 

Antimony   .      •      •      •      •  26*80 

Lead   40*80 

Copper   12-70 


10010 

This  mineral  is  mentioned  in  the  present  memoir  not  only  as 
bring  the  first  of  the  kind  found  in  America^  but  also  for  the 
purpose  of  introducmg  a  few  remarks^  relative  to  the  separation  of 
arsenic  and  antimony,  from  lead,  copper,  and  other  metals  of  that 
group.  In  1854  MM.  Eivot,  Beudant,  and  Daguin,  publkhed  a 
▼ay  interesting  paper  in  the  C(mfite$  Bemku,  wberrin  it  was  pio* 
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posed  to  sepante  antimony^  anenic^  and  solphiir  from  many  other 
elements,  by  digesting  the  mineral  in  a  wann  solution  of  potash, 
which  after  a  time  dissolved  the  arsenical  and  antimonial 
sulphides,  and  passing  a  stream  of  chlorine  through  the  potash 
solution,  by  which  were  formed  sulphuric,  arsenic,  and  antimonio 
acid.   By  adopting  this  means,  the  authors  remark,  the  whole  of 
the  antimony,  arsenic,  and  sulphur,  may  be  removed  from  lead, 
copper,  &c.   I  have  repeatedly  tried  this  process,  and  although  in 
my  experiments,  the  minerals  were  in  a  very  finely  dirided  con- 
dition, complete  decomposition,  especially  when  autimuny  was 
presmt,  could  not  be  effected.   In  most  instances,  much  of  that 
element  and  nearly  all  the  arsenic  were  dissolved,  hut  cvcu  after 
many  days  digestion,  antimony  was  invariahly  found  in  the 
residue.     Hypochlorites  of  the  alkalies  or  alkaline  earths  do 
not  answer  better.    Dr.  Aug.  Strong  (Ann.  Ch.  Pimm.,  xcii, 
411,  and  Clicm.  Gaz.,  xii,  p.  269),  endeavoured  in  his  volu- 
metrieal  determination  of  lead,  to  decompose  galena  with  hypo- 
chlorite of  lime,  hut  without  success.    I  also  have  tried  hypo- 
chlorite of  soda  upon  that  and  many  other  minerals  with  equally 
unsuccessful  results.  Strong,  however,  acted  upon  the  galena  with 
stronfj:  nitric  acid,  thus  converting  it  into  sulphate  of  lead,  and 
then,  after  neutralizing^  the  fluid  with  potash,  digested,  at  a  tempe- 
rature a  little  below  212'F.,  with  chloride  of  lime,  when  after  some 
time,  decomposition  was  complete,  the  whole  of  the  sulphate  of 
lead  having  passed  into  the  state  of  peroxide.    Wlien  bournonite 
is  treated  in  the  same  way,  chloride  of  soda  being  employed, 
instead  of  the  limo-salt,  a  considerable  quantity  of  antimony 
passes  into  solution,  but  ^  or  3  per  cent,  always  remains  in  the 
residue. 

The  process  answers  admirably  in  tlie  analysis  of  copper  or  lead^ 
minerals  containing  arsenic  and  sulphur.  For  yuayacanite, 
(SCUjSjAsSg)  for  example,  the  mineral  is  finely  pulverized,  digested 
in  fuming  nitric  acid,  and  evaporated  nearly  to  dryness ;  hypo- 
'chlorite  of  soda  is  then  added  in  considerable  excess,  and  the  whole 
boiled  for  about  ^  minutes.  All  the  arsenic  and  sulphur  pass 
into  the  filtrate!,  P^u®  oxide  of  copper  remaining  imdissclved. 

The  same  is  the  case  with  the  sulpho-arsenides  of  cobalt  and 
nickel.  The  stronger  solutions  of  potash  and  soda  in  very  great 
excess,  and  after  violent  ebullition,  fail  to  decompose  the  arseniates 
of  these  metals  completely;  but  if  a  stream  of  chlorine  be  passed 
through  the  alkaline  liquid  prefions  to  boiling,  or  which  is  simpler^ 
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&  hypochlorite  he  at  one  employed,  no  trace  of  arsenic  cau  be 
detected  in  the  residual  oxides. 

Double  Sulphide  of  Copper  and  Lead. — This  very  rare  mineral, 
which  1  discovered  in  a  mine  near  the  silver  district  of  Arqueros, 
consists  of  three  equivalents  of  disulphide  of  copper  and  one  of 
sulphide  of  lead,  differing  entirely  from  Cuproplumbite  Cu^S,  2PbS, 
also  from  Chile,  which  was  analysed  by  Plattner,  many  years  ago. 
100  grs.  of  the  new  double  sulphide  yielded — 

Cofvper  68*28 

Sulphur  17*60 

Lead  28*81 


99*78 


or  8Cuj,S,PbS 

8Ciis   ....  63*34  68*28 

48      ...      .  17*78  17*69 

IPb     .      .      .      .  28*88  28*81 


100*00  99-78 

It  may. be  mentioned  that  this  mineral  has  received  the  name 
Alisonite,  in  honour  of  Mr,  Robert  E.  Alison,  a  f^eiitlemaii  who 
from  his  extensive  smelting  operations  in  no  less  than  live  different 
points  in  the  Republic  of  Chile,  has  effected  very  much  in  the 
development  of  the  mineral  riches  of  South  America.  I  obserye 
that  the  great  American  Minerblogist  Bana^  to  whom  I  sent  a 
short  note  upon  the  mineral  in  question,  has  published  it  under 
the  name  AUsomte  in  hia  aupplement  to  the  last  edition  of  his 
work. 

This  mineral  adds  another  to  the  list  of  the  tribasic  sulphides 
which  have  been  already  discussed  in  the  two  papers  I  have  had  the 
honour  of  transmitting  to  the  Society. 


Arsenical  Rosicler 
Antimonial  do  . 
Sulphide  of  copper  and  arsenic 
Guayacauite       .  • 
Alisonite  .... 


8AgS,  AsSg 
3AgS,  SbSg 
SCu^S,  AsSg 
3CU2S,  AsSg 
3CuaS,  PbS. 


Mr.  David  Forbes^  on  his  return  from  Chiie^  published  an 
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account  of  a  new  arsenide  of  eopper  in  the  Philosophical  Majjazine 
for  last  December,  and  has  named  it  Darwinite.  This  adds  another 
to  tlic  list  of  arsenides,  the  first  of  which  is  Domeykite,  and  the 
second  Algodonite,  of  which  I  published  an  account  in  the  Journal 
of  this  Society  in  1857. 

Domeykitc        ....  CugAs 
Algodonite        ....  Cu,2As 
Durvvinite         ....  Cu,oA8. 


XIV. — On  the  aetion  qfDibrmiUde  ofEthpkne  on  Pffridme, 

By  John  Davidson. 

Recent  researches  have  proved  that  the  bromides  of  the  diatomic 
radicals  are  capable  of  fixing  either  one  or  two  molecules  of 
ammonia  and  the  monaraines^  the  bromides  of  a  monamouium  and 
of  a  diammonium  being  thus  produced. 

This  fact  having  been  hitherto  almost  exclusively  established  by 
experiments  with  the  ethylated  bases  of  the  nitrogen  and  of  the 
phosphorus-series^  it  appeared  desirable,  for  the  sake  of  generaliza- 
tion, to  extend  these  observations  to  the  several  other  groups  of 
nMmamines. 

Among  the  numerous  bases  whidi  presented  themselves  for  an 
examination  of  this  kind,  the  group  of  basic  compounds  isomeric 
ifith  the  aromatic  bases  could  not  fail  to  attract  my  attentioQ. 
Iodine,  picdine,  &c.,  discovered  by  Dr.  Anderson,  are  powerful 
monaminesi,  the  tertiary  character  of  which  is  well  established  by 
their  deportment  with  iodide  of  ethyl  j  the  advanced  d^^ree  of 
substitution  rendered  these  substances  particularly  well  adapted 
Ibr  the  intended  experiments. 

Pyridine,  as  is  well  known,  has  been  obtained  in  tlie  destructive 
distUlation  of  coal,  of  certain  varieties  of  shale,  and  of  animal 
Buiistances.    The  substance^  which  I  had  at'  my  disposal  was 

*Ism  indebted  to  Mr.  Samuel  Clift,  of  Mandu-s'cr,  for  a  considerable  supply 
of  pyridine  and  all  th«  other  bases  iomed  ia  (be  deatrucUre  diatUUUmi  of 
coftl.— A.W.U. 
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procured  from  coal  tar.  It  was  separated  from  the  picoline  by 
distillation ;  the  specimen  with  which  I  worked  boiled  constantly 
at  118«-5  C. 

A  mixture  of  pyridine  and  dibromide  of  ethylene  gradually 
darkens  and  nltimately  becomes  brown  ;  no  crystals^  however,  are 
deposited.   On  the  other  hand,  the  reaction  proceeds  with  great 
rapidity  at  100^  C. ;  and  if  this  temperatare  be  continued  for  abont 
three  hours,  an  almost  black  and  crystalline  mass  is  formed,  from 
which  by  snccessiTe  treatment  with  cold,  and  crystsUisations  from 
boiling  alcohol,  a  beantiM  bromide  crystallising  in  silky  plates 
may  be  eliminated.   In  preparing  this  bromide;,  it  is  adTisable  to 
add  to  the  mixture  of  the  anhydrous  substances,  from  one-fifth  to 
one-sixth  of  its  Tolume  of  alcohol  and  to  digest  at  100*^C.  in  sealed 
tubes;  in  this  manner,  the  whole  liquid  solidifies  into  a  silky 
crystalline  mass,  which,  bdng  but  yery  slightly  coloured,  is  ranch 
more  easily  purified.   The  new  bromide  may  slso  be  prepared  by 
digesting  at  100**C.  a  nurture  of  pyridine  and  dibromide  of  ethylene 
with  an  equal  bulk  of  alcohol,  in  a  flask  provided  with  a  condensing 
tube.   This  process,  however,  is  less  expeditious,  and  is  apt  to 
occasion  a  loss  of  pyridine,  which  may  be  carried  off  with  the 
alcohol-vapour. 

The  crystalline  bromide,  although  not  deliquescent,  is  very 
soluble  m  water;  1  did  not  succeed  in  gottiii<r  crystals  from 
the  aqueous  solution  ;  it  is  exceedingly  soluhlc  lu  l)oiiiii'4,  and  only 
slightly  so  in  cold  alcohol.  The  boiling  alcoholic  solution  solidifies 
on  cooling  into  a  pearly  crystalline  mass;  dilute  solutions  on 
cooling,  or  on  spontaneous  evaporation,  yield  larger  plates,  which 
are  transparent,  but  were  never  suiiicicntly  well  formed  for  deter- 
mination. 

I.  When  burned  with  chromate  of  lead,  0*206  grm.  of 
the  bromide  previously  well  dried  at  lOCC,  gave  0*316  grm. 
of  carbonic  acid  and  0  077  grm.  of  water. 

II.  0*41  G5  grm.  of  the  bromide,  when  precipitated  by  nitrate  of 
silver,  gave  0  452  grm.  of  bromide  of  silver. 

The  simplest  expression  representing  these  numbers  is 

but  the  mode  of  formation  of  the  new  compound  shows  unmistake* 
ably  that  this  expression  must  be  doubled,  and  that  the  compo- 


« 
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tition  and  weight  of  the  molecule  of  this  eompound  is  repre- 


eented  by  the  formnhiy 

C.^H  N  Br 

Theory. 

Lxpcriiuent. 

I.  n. 

s  144 

41-62 

41-69  „ 

H.4 

«  14 

4-04 

4*15  „ 

N. 

»  28 

8-10 

f$  » 

Br, 

a  160 

46*24 

»  4616 

846 

100  00 

Pyridine,  therefore,  imitates  trietliylamine  and  trietliylphosphine 
in  its  deportment  with  di])romidc  of  ethylene,  the  new  bromide  being 
formed  by  the  union  of  one  molecule  of  the  latter  with  two 
molecules  of  pyridine : 

CaH^Br,  +  =  CiaHi^NjBr, 

The  constitatioii  of  pyridine  itsdf  is  hnt  imperfecfly  made  ont. 
AH  that  ve  know  is  that  this  sub8tance.is  a  tertiary  monamine ;  the 
natnre  of  the  radicles  which  replace  the  hydrogen  is  as  yet  unknown. 
In  accordance  with  our  present  knowledge,  pyridine  is  represented 
hy  the  expression 

whence  the  molecular  construction  of  the  new  hromide  may  he 
expressed  by  the  £armuU 

The  composition  of  the  dihromide  is  confirmed  by  the  analysis  off 
the  chloride  and  of  platinum-salt. 

DidUonde. — Treatment  of  the  dihromide  with  chloride*  of 
silver,  yields,  on  evaporation  of  the  liquid  obtained|  the  correspond* 
ing  dichloride,  which  is  a  white  crystalline  exceedingly  soluble 
and  deliquescent  substance.  0*232  grm.  of  the  diehloride,  dried 
at  100"0,  and  cooled  in  mem,  gave  0*259  grm*  of  chloride  of 
silver,  sho^ng  27*62  per  cent,  of  chlorine,  which  is  exactly  the 
percentage  required  by  the  formula 

C„H„N,C1,  =  [  (C,H,)"  [c;Si''lJ]  '  C>« 
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Platinum-salt.  —  The  solution  of  the  dichlohde  yields,  witli 
dichloridc  of  platinum,  a  pale  yellow  and  aj)paiTutly  amorpboirs 
precipitate,  insolublo  in  water  or  alcohol,  but  slightly  soluble  in 
boiling  concentrated  hydrochloric  acid,  from  which  on  cooliu*^  it  is 
almost  entirely  deposited  again  in  the  form  of  little  briiiiaiit 
yellow  plates. 

T.  On  burning  the  platinuni-salt  with  chromate  oj  lead^  tlie 

following  results  were  obtained  : 

0  415  ^m.  of  subtttance  gave  0*36  of  carbonic  acid  and  0*1006 

of  water. 

II.  0-312  grm.  of  the  platintiin-salt  on  ignition  gave  0*1032 
grms.  of  metallic  platinum. 
The  formula 

C„Hi,N,Pt^Cle  =  [  (C,HJ"  (C^U^'  'x]  ^^^^^ 

requires  the  following  values : 

Thaoiy.  BipwiBMiit. 


L 

n. 

144 

24-120 

23-63 

99 

Hh 

14 

2-315 

2-67 

99 

28 

4-690 

99 

Pt, 

198 

33-167 

99 

83^3 

213 

65*678 

99 

99 

697         100  00 

The  solution  of  the  dihnimide,  when  mixed  with  freshly  precipi* 
tated  oxide  of  sQver  in  the  cold,  furnishes  a  transparent,  colourless^ 
and  powerfully  alkaline  liquid,  which  contains  the  corresponding 
hase,  vis :  the  hydrate  of  eihylene'd^fSfridifl-dMmmonium. 

The  existence  of  this  compound  in  the  solution  is  readily  proved  by 
saturating  the  caustic  liquid  with  hydrochloi  ic  acid,  and  adding 
dichloridc  of  platinum,  whereupon  the  pale  yellow  salt  previously 
mentioned  is  immediately  precipitated.  It  was  identified  by  analysis . 

01 85  grm.  of  platinum- salt  left,  on  burning,  0'0612  grm.  of 
metallic  platinum  corresponding  to  33*08  per  cent.,  the  theoiy 
requiring  33*  16  per  cent. 

The  hydrates  of  the  diatomic  pyridyl-derivatives  are  how* 
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ever  far  less  stable  than  the  ethvlated  diatomic  bases  in  the 
nitrogen-  and  pliosphorus-scrics.  Kvcn  at  the  common  tem- 
perature, and  more  rapidly  so  on  heating  the  solution  of 
the  free  base  becomes  pink,  violet,  and  ultimately  ruby-red,  and 
deposits  after  some  time  a  brown  powder,  a  peculiar  odour 
resembling  that  of  heliotrope  being  evolved  at  the  same  time.  I 
have  not  examined  more  minutely  the  changes  which  the  pjrridine- 
eompound  thus  undergoes.  I  will  only  mention  that  the  solution, 
when  it  had  become  coloured,  no  longer  yielded  the  difficultly  soluble 
precipitate  with  dichloride  of  platinum^  a  crystalline  platiuum- 
salt  being  deposited  only  after  a  considerable  time  ;  on  the 
other  hand^  when  boiled  for  some  minutes,  and  separated  ficom 
the  brown  compound  which  is  depottted^  the  liquid  again  gave  a 
yellow  amorphous  platinum-aalt. 

I  haye  made  also  a  few  experiments  with  picoline,  homologous 
to  pyridine  and  isomeric  with  phenylamine.  This  base  is  likewise 
acted  upon  by  dibromide  of  ethylene,  but  &r  less  energeticaUy 
than  pyridine :  digestion  for  four  hours  at  lOO^C.  produced  but  a 
slight  change ;  after  digestion  fbr  several  hours  at  about  150*'C.  the 
mixture  was  black,  but  had  not  deposited  any  crystalline  matter; 
after  sereral  days,  crystals  began  slowly  to  form.  I  haye  not 
examined  this  reaction  any  further. 

The  abore  experimenti  were  performed  in  Br.  Uofmann'a 
laboratory. 


XV. — Account  of  recent  researches  on  the  application  of 
Electricity,  from  different  sources,  to  the  explosion  of  Gunpowder, 

By  F.  A.  Abbl,  Director  of  the  Chemical  Establishment 

of  the  War  Department. 

The  employment  of  electricity  as  an  agent  for  affecting  the 
ignition  of  gunpowder,  suggested  itself  to  Franklin,*  in  1751,  and 
to  Priestley,  in  1767  but  it  was  not  until  some  years  after  the 

*  In  his  "Letien  OA  Bleefcrkitj,**  dated  29th  June,  1761,  Franklin  says,  "  I  bare 
noilMwd  thsi  anybody  in  Bnrope  hai  ]r«(  mwoeedMl  In  firing  gunpowder  bj  meMis 

of  electricity.  We  do  it  in  iiiis  my  :  a  small  cartridge  ia  filled  with  dry  powder, 
which  ip  rammed  in  tightly  enough  to  crush  a  tew  grains  ;  two  pointed  brass  wires 
arc  then  fixed  in  it,  one  at  each  end  so  tliat  their  points  arc  not  further  apart  than 
liali  ail  inch  at  the  centre  of  the  cartridge,  which  is  then  placed  in  the  circuit  of  the 
olaeteio  maoMnit ;  wlian  the  Muunnnifiation  is  complotad,  itme,  leaping  ffom  iha 
pointa  of  one  wire  to  that  of  the  other,  thnmi^  the  powder  in  the  osrtridge^  fires  it 
inatantaneooaly.'' 
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diaoorefy  of  tlie  electric  pile  by  Volta,  that  eameit  endeaTonn 
were  made  to  apply  electricity  to  military  and  mining  purposes* 
In  1882,  the  first  experiments  on  the  application  of  Toltaicelectii- 
city  in  tfaia  direction  appears  to  haTe  been  made  by  French 
Military  Engineers ;  about  twelve  years  afterwards,  that  agent  was 
first  successfully  enjployed  in  important  blasting  operations  (such 
as,  in  Enj2:land,  the  destruction  of  the  llouud  Down  Cliff,  near 
Dover,  and  of  the  wreck  of  the  Royal  George^,  iit  S pithead),  and 
from  that  period  until  very  recently,  the  applications  of  electricity 
to  mining  {)urposes  have  been  almost  cutirely  confined  to  the  em- 
ployment of  tlic  voltaic  current. 

The  methods  which  have  been  most  generally  used,  up  to  the 
present  time,  for  the  explosion  of  gunpowder  by  the  direct  agency 
of  voltaic  batteries  of  different  kinds,  are  so  well  known  to  all  who 
have  given  their  attention  to  experimental  electricity,  that  a  brief 
statement  of  the  principles  upon  which  they  are  based,  will  suffice. 
The  original  method,  and  that  still  principally  used  in  military 
operations,  when  the  voltaic  battery  alone  is  employed,  consists  in 
causing  the  current  (at  the  place  where  the  powder  is  to  be 
exploded),  to  traverse  a  short  piece  of  fine  wire,  mndc  of  some 
metal  of  inferior  conducting  power,  such  as  platinum  or  iron,  which, 
in  consequence  of  the  resistance  offered  by  it  to  the  passage  of 
the  current,  is  raised  to  a  red  heat  on  completion  of  the  metallic 
circuit,  of  which  it  forms  a  portion.  The  thin  wire  is  surrounded 
with  fine-grain  gunpowder^  and  is  generally  fitted  into  some  simple 
arrangement,  which  may  readily  be  connected  with  the  circuit- 
wires,  and  brought  into  dose  contact  with  the  charge  to  bo 
exploded. 

The  other  approved  method  of  affecting  the  ignition  of  a  disrge 
of  powder  by  a  voltaic  current,  consists  in  the  employment  of  an 
ingenious  contrivance,  first  introduced  by  Messrs.  Statham  and 
Brunton,  and  founded  upon  an  observation  made  in  experiments 
with  a  submarine  tdegraph-wize^  which  had  been  insulated  with 
gutta-percha  impregnated  with  sulphur.  Some  amount  of  chemical 
action  is  exerted  between  the  sulphur  and  the  copper,  in  covered 
wire  of  this  description,  in  consequence  of  which,  the  surface  of 
gutta-percha  in  contact  with  the  wire  becomes  coated  with  particlea 
of  subsulphide  of  copper,  which  remain  attached  to  it  on  the 
removal  of  the  wire.  This  coating  of  subsulphide  is  a  sufficiently 
good  conductor  of  electricity  to  assist  the  passage  of  a  cnnent  of 
low  tension  across  a  small  interruption  in  the  metallic  dicuit ;  the 
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heat  resulting  from  the  retardation  of  tlu  current  at  sucli  a  point 
is,  however,  siifficirntly  intense  to  clTect  the  ignition  of  some  very 
combustible  substance.  It  is  obvious  that  this  fact  adniit;^  of  ready 
application  to  the  construction  of  an  arrangement  for  the  ignition  of 
gunpowder,  iu  which  contrivance  a  hollow  piece  of  gutta-percha, 
coated  on  the  interior  with  the  sub-sulphide  of  copper,  is  made 
to  replace  the  fine  platinum-  or  iron-wire  above  referred  to. 
The  Statham  fuze,  constructed  upon  this  principle,  has  been  found 
under  favourable  conditions,  which  have  been  fully  discussed  in 
other  memoirs  relating  to  this  subject,  to  present  important 
advantages  over  the  method  of  ignitmg  ^npowdcr  by  meaoa  of 
fiue  wires* 

Although  the  employment  of  voltaic  currents  for  the  ignition  of 
charges  of  gunpowder  obviously  presents  great  advantages  over 
the  old  system  of  firing  mines  or  cannon  (by  means  of  slow  and 
regular-burning  matclies  or  fuzes,  the  length  and  time  of  burning 
of  which  was  proportioned  to  the  interval  which  it  was  desired 
should  elapse  between  their  first  ignition  and  the  explosion  of  the 
charge),  its  application,  especially  to  military  purposes,  is  attended 
with  an  amount  of  nnoertainty  which  has  precluded  it  from  ever 
acquiring  great  confidence  on  the  part  of  engineering  authorities. 
This  onoertainty  is,  it  need  scarcely  be  said,  due  mainly  to  the 
great  difficulty  of  ensuring  a  sufiicient  uniformity  of  action  at 

^different  periods  of  time,  even  with  the  most  effideiHt  voltaic 
arrangements,  and  of  securing  the  safe  transport  and  proper 
preservation  of  any  battery-arrangement,  and  of  the  agents 

*  necessary  for  its  application.  When  it  is  remembered  that,  besides 
these  difficulties,  there  are  others  not  less  serious,  whicb  result  from 
the  uncertainty  of  ensuring  proper  attention  to  the  numerous  little 
points,  of  vitd  importance  to  success,  connected  with  such  an 
application  of  electricity  of  low  tension,  it  will  be  readily  conceived 
that,  almost  ever  since  the  first  practical  application  of  electricity 
to  the  ignition  of  charges  of  powder,  the  possibility  of  rendering 
electricity  of  high  tension  available  in  this  direction,  and  of  apply- 
ing to  military  operations  the  valuable  diKOveries  of  Faraday  in 
dectro-magnetism,  has  received  ftom  time  to  time^  serious  attention 
on  the  part  of  military  engineers  and  others  specially  interested  in 
operations  of  this  kind. 

Thus,  experiments  furnishing  interesting  and  important  results 
have  been  instituted  on  the  application  of  mduced  currents,  and  oi 
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fiictional  electricity  to  the  explosion  of  ^rmipowder,  in  Spain, 
France,  Austria,  Russia,  and  other  countries  ;  and,  in  1855, 
Professor  Whcatstoue  sujrgested  to  General  Sir  John  Burgoyne 
the  institution  of  an  experimental  enquiry  in  this  country  into  the 
relative  advantages  offered  by  electricity  of  high  tension,  obtained 
from  different  sources,  as  applied  to  the  explosion  of  gunpowder. 
In  consequence  of  this  suggestion,  a  long  scries  of  experiments  has 
been  carried  out  by  Professor  Wheatstone  and  myself,  by  desire 
of  the  Secretary  of  State  for  War,  and,  at  first,  in  connection  with 
the  Ordnance  Select  Committee.  The  most  interesting  and  im- 
portant of  the  results  arrived  at  by  those  iuTestigationa  will 
form  the  principal  subjects  of  this  memoir. 

Although  our  experiments  with  Yolta-induction  apparatuSj  with 
firictioiial  electricity,  and  with  the  cunrentt  induced  by  permanent 
magnets,  were  conducted,  in  great  measure,  at  the  same  time>  it 
will  be  advisable  to  avoid  confusion  by  giving,  under  separate 
heada^  on  account  of  the  results  furnished  with  each  form  of 
electricity^  and  of  the  oonduaiona  deduced  from  them. 

I. — ^EXFXRIMBNTa  WITH  ElBCTEO-MaGNSTIC  InDVCTIOK  APPARATUa. 

The  first  application^  with  practical  anccoM/  of  the  form  of  elec- 
tricity fumiahed  by  Tolta-induction  apparatna  to  military  purpoaea 
waa  made  in  1858  by  a  Spanish  officer,  Colonel  Yerda,  who, 
having  witnessed  the  firing  of  a  gon  at  Dover  by  the  agency  of  a  - 
Toltaic  battery  at  Calais,  connected  with  the  gun  by  means  of  a 
Bubmarine  cable,  was  mnch  struck  with  the  inconvenience  result- 
ing from  the  necessity  of  employing  very  great  battery-power  for 
effecting  the  discharge  of  gunpowder  at  considerable  distance,  it 
having  been  necessary  on  thia  occasion  to  use  a  battery  of  400  of 
Bimsen's  cells.  The  first  investigations  of  Colonel  Y erdu  were 
made  with  the  assistance  of  M.  Buhmkorff,  and  with  the  induction 
coil-machine  which  had  been  recently  perfected  by  the  latter.  The 
success  attending  the  first  experiments  led  to  further  trials  in 
Spain,  where  Colonel  Verdu  succeeded,  with  the  employment  of 
only  one  element  of  Bunsen's  battery,  in  exploding  simultaneously 
six  mines  in  one  circuit,  ut  a  distance  of  300  metres.  This  result 
was,  of  course,  obtained  by  allowing  the  current  to  leap  across 
small  interruptions  in  the  metallic  circuits,  which  were  surrounded 
witli  a  readily  inflammable  substance,  and  imbedded  in  the  charges 
of  powder.    The  fuze  employed  was,  in  fact,  that  of  Statham,  in 
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which  the  terminals  were  surrounded  by  fiilnuTiate  of  mercury. 
Still  greater  results  were  obtained  by  arranging  the  mines  in 
groups  of  five,  so  that  each  group  formed  a  special  circuit;  by 
then  bringing  each  circuit,  in  very  quick  succession,  in  connection 
witli  the  instrument,  the  mines  were  all  discharged  with  a  rapidity 
wliicli  liad  tlie  practical  eticct  of  a  simultaneous  discharge.  The 
reason  wliy  Colonel  Verdu  rosortcd  to  this  method  of  operation 
is,  tliat  the  discharge  Irom  an  induction  coil-raachme,  milike  that 
from  a  Ley  den  jar,  which  will  pass  through  several  hundred  solu- 
tions of  continuity,  producing  a  spark  at  each  interruption,  becomes 
so  enfeebled  by  successive  interruptions  in  the  metallic  circuit,  that 
it  is  impracticable  to  ignite,  with  certainty,  a  number  of  charges  in 
one  circuit,  beyond  certain  limits^  which^  with  the  ftises  uaed  by 
Colonel  YerdvLf  were  very  narrow. 


Fig.  1. 


The  arrangement  of  charges,  &c.,  upon  this  system  is  exiabited 
in  Fig.  1,  HI  which  a  aud  represent  the  battery  and  eoil-raachine ; 
c,  the  wire  connecting  oiw  pole  of  tlie  latter  with  an  instrument,  d, 
called  n  rheo/ome,  provided  with  binding  screws  for  receiving  the 
separate  wins  c',  which  lead  to  the  mines  m.  These  screws  are 
fixed  into  sniali  copper  plates  isolated  from  each  other,  being 
either  let  into  the  wood,  or  separated  by  strips  of  glass.  The  wire 
C  from  the  coil-machine  is  in  connection  with  a  species  of  metal 
finger,  /,  which,  by  means  of  an  insulating  handle,  may  be  made 
to  describe  a  semicircle  with  optional  rapidity;  and,  as  its  one 
extremity  presses  firmly  upon  the  instrument  at  a  point  near  any 
one  of  the  binding  screws,  it  is  brought  alternately  into  contact 
with  the  several  small  metal  plates  with  which  they  are  con- 
nected, thua  bringing  them  (and  therefore  the  mines)  into  oonnec- 
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tion  with  the  coil-machine.  This  is  only  one  of  several  con- 
trivances which  have  been  used  for  producing  successive  discharges 
of  mines  upon  this  principle.  In  the  above  arrangement^  the 
wires  e  and  the  plates  of  metal  E  connect  the  charges  and  coil- 
machine  with  the  earth. 

A  method  of  securing  the  practically  simultaneous  discharge  of 
a  number  of  mines,  more  effective  than  the  so-called  rheotomic 
arrangement  of  Colonel  Verdu,  was  afterwards  devised  by 
M.  Savare,  who  appears  to  have  first  conceived  the  idea  of  dividing 
the  circuit  into  branches,  over  the  whole  of  which  a  current,  or 
rapid  succession  of  currents,  are  distributed,  on  the  completion  of 
the  circuit,  with  an  uniformity  regulated  by  the  degree  of  resist- 
ance met  with  in  each  branch.  Thus,  on  interposing  one  or  more 
fuzes  in  each  branch  of  the  circuit,  those  which  happen  to  offer 
greater  facilities,  in  their  construction,  to  the  passage  of  the 
current,  would  explode  first,  and,  the  fuzes  being  so  constructed 
that  the  terminals  of  the  wires  in  them  are  forced  apart  by  the 
explosion  or  fused  by  the  heat  generated,  the  further  passage  of 
the  current  in  that  direction  is  prevented,  and  the  remaining  fuzes 
are  in  their  turn  exploded.  It  is  readily  conceivable  that,  with 
the  employment  of  currents  of  high  tension,  following  each  other 
with  the  enormous  rapidity  with  which  they  pass  off  from  the 
coil- machines,  the  discharge  of  a  number  of  fuzes  may  be  effected 
by  the  above  arrangement  with  a  rapidity  which  has  practically 
the  effect  of  a  simultaneous  discharge.  Experiments  with  this 
mode  of  discharge  were  made  at  Grenelle  in  1854.    The  arrange- 

Pig.  2. 


ment  of  charges,  discharging  instrument,  connections,  &c.,  is  illus- 
.trated  by  Fig.  2,  which  scarcely  needs  special  explanation  (the 
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letters  of  reference  used  corresponding  in  their  meaning  to  those 
in  Fig.  1,  and  the  principal  difference  being  that  the  branch- 
wires  arc  connected  directly  with  the  wire  leading  to  the  maohinei 
instead  of  by  the  agency  of  a  rheotome.) 

The  Ruh  mkorff's  coil  appears,  withcmt  doubt,  to  have  been  used 
by  the  Russians  in  their  mining  operations  at  Sebastopol.  But  the 
most  extensive  application  hitherto  made  of  that  inatrument  for  the 
explosion  of  minea  has  been  in  the  great  operations  undertaken  by 
Messrs.  Daasaat  and  Babattu  at  the  Port  of  Cherbourg,  in  1854, 
according  to  a  ^stem  organized  by  the  Yioomite  dn  Mono  el,  and 
which  was  a  modification  of  Colonel  V erdu's  method.  At  the  first, 
trial,  ax  mines,  oontalntng  eadi  about  4^400  kilos,  of  powder,  wave 
inflained  as  with  one  detonation,  detaohing  at  onee  mote  than 
60,000  enbic  metres  of  lock. 

When  the  experiments  atWoohrioh  were  first  undertaken  in 18661^ 
moch  uncertainty  appeared  still  to  prevail  regarding  the  desovip- 
tion  of  priming  materials  best  adapted  for  employment  in  ibsea  to 
be  used  with  the  Totta-indnotion  cnrrent,  and  the  maximimi 
number  of  charges  which  could  be  fired  wiSk  ceriakUy  by  means  of 
a  powerful  ooil-madiine  and  a  battery  of  moderate  power.  Expe- 
riments were  therelbte  undertaken  to  obtain  infonnation  <m  these 
points,  and  to  ascertain  the  extent  to  which  an  deetro-magnetic 
coil,  of  the  best  and  most  porteble  construction,  would  be  likely 
to  resist  injury  by  ordinarily  careful  use  and  by  transport. 

The  coil-machine  used  in  the  first  experiments  was  one  of  con- 
siderable size  and  recent  construction,  prepared  by  M.  Ruhmkorff. 
Another  apparatus,  of  similar  power,  but  constructed  for  the 
Ordnance  Select  Committee  by  M.  Ruhmkorff,  with  especial 
regard  to  its  service  in  the  field,  was  also  subsequently  employed 
in  many  of  the  experiments.  A  battery  of  cast-iron  cells  and 
zinc  plates  (the  dimensions  of  the  latter  being  5  in.  by  8  in.)  waa 
employed,  as  the  most  economical  for  general  purposes. 

In  the  greater  number  of  the  ex])eriments,  the  current  was 
made  to  pass  to  the  charges  or  fuzes  through  one  mile  of  copper 
wire  (16  gauge),  insulated  with  gutta-percha,  the  metallic  circuit 
being,  in  many  instances,  inteimpted  by  an  cazth-oounection  of 
about  200  yards  in  length. 

The  results  furnished  by  a  large  number  of  experiments  were 
briefly  as  follows 

Pine-grain  or  mealed  gunpowder  was  found  to  be  ignited 
readily^  by  means  of  the  induction-ooii,  with  the  employment  of  om 
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cell  of  the  battery.  Numerous  substances  of  a  more  highly'explo- 
sive  character  were  tried,  alone,  and  in  admixture  witli  gun- 
powder, in  order  to  arrive  at  the  description  of  priming  material 
moat  suitable  to  aid  in  effecting  the  i<,niition  of  the  maximum 
number  of  charges  by  means  of  the  coil-machine.  The  best 
results  were  obtained  with  fulminate  of  mercury.  The  efficacy 
and  delicacy  of  the  fuze  were  also  found  to  depend  in  very  great 
measure  upon  a  proper  adjustment  of  the  wire- terminals  which  it 
enclosed. 

The  number  of  charges  placed  in  succession;  in  single  eirenit, 
which  could  be  fired  at  one  time  by  means  of  such  coil-maehines 
as  those  used,  and  with  the  employment  of  twelve  cells  of  the 
battery  specified  abo7e^  did  not  exceed  eight  (and  was  generally 
below  that  number)  even  when  priming  oompoeitions  of  a  sensitive 
character^  containing  fulminate  of  mercttfy,  gnn-ootton,  sulphide 
of  antimony  and  chlorate  of  potassa,  &e.,  were  employed.  The 
diBohargc  of  this  number  could  not^  however,  be  relied  upon  with 
any  certainty ;  and  the  employment  of  twelve  cells  did  not  appear 
to  offer  any  decided  advantage  over  the  use  of  only  four.  The 
ignition  of  two  charges  could  be  effected  almost  with  certainty  by 
the  employment  of  only  one  ceU^  and  the  resnlt  appeared  to  be 
rendered  certain  by  the  use  of  foar  eella. 

^  By  employing  a  rheotomic  arrangement  Ibr  changing  the 
direction  of  the  coirenty  so  as  to  bring  wires'conneeted  with  one 
or  more  chaigee  snccessively  into  the  dreoit  (as  described  jnst 
now)j  a  considerable  nnmber  of  chsrges  could  beared  in  very  rapid 
sncoeesion.  This  result  was^  however,  perfectly  oertam  only 
when  a  single  charge  was  brought  into  the  circuit  at  one  time* 

Upon  employing  M.  8 av are's  arrangement  of  branch-circuits, 
so  as  to  allow  the  current,  when  established,  to  distribute  itself 
along  each  divided  portion  of  the  circuit,  and  ignite  simultaneously, 
or  in  rapid  succession,  the  several  fuzes  which  were  introduced, 
five  or  six  charges  were  exploded  at  one  time,  and  a  far  more 
considerable  number  ignited,  with  a  rapidity  almost  instantaneous; 
as,  when  this  arrangement  is  employed,  the  first  of  the  very  rapid 
succession  of  currents  established  by  the  coil-machine  passes 
through  and  ignites  these  fuzes  which  offer  the  least  resistance, 
while  the  others  are  fired  in  their  turn  by  the  succeeding  currents. 
This  method  of  exiiloding  a  number  of  eliai  i^^es  at  once,  or  in  very 
rapid  sneecssion,  is  undoubtcdlv  more  etheient  than  the  best 
rbeotomig  arrangement^  and  it  renders  the  operator  independent 
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the  uncertainty  of  firing  three  or  four  chaises  sinraltaneonslj^ 
when  arranged  in  a  simple  circuit ;  for,  in  the  latter  case,  if  the 
ignition  of  the  whole  number  is  not  perfectly  instantaneous,  the 

explosion  of  the  first  prevents  the  discharge  of  the  remainder ; 
while,  in  the  arrangement  just  referred  to,  the  connection  of  each 
fuze  with  the  instrument  is  independent. 

In  the  course  of  these  experiments  carried  on  with  the  two  coil- 
machines  constructed  by  M.  Ruhmkorff  (one  of  which  was,  as 
already  stated,  specially  prepared  for  operations  in  the  field),  a 
considerable  irregularity  was  observed  in  the  power  of  the  same 
machine  at  different  periods,  altliough  the  battery-power  employed 
was,  to  all  appearances,  the  same  on  each  occasion, — an  irregularity 
which  must  be  ascribed  to  defective  insukition,  arising  from  the 
deposition  of  moisture  on  some  portion  of  the  apparatus.  It  was 
found  that  the  arrangement  attached  to  the  coil-machine,  known 
as  the  condenser,  and  upon  which  the  intensity  of  the  current 
produced  greatly  depends,  was  very  liable  to  be  put  out  of  order 
in  the  transport  of  the  apparatus,  and  by  other  trifling  causes;  any 
derangement  of  this  part  of  the  apparatus  was  fatal  to  its  efficiency. 
The  perfect  insulation  of  each  coil  of  the  secondary  wire  and  other 
somewhat  delicate  portions  of  the  apparatus,  were  also  found 
liable  to  injury  from  a  variety  of  sources,  which  it  wouhl  be  veiy 
difficult  to  guard  against  in  the  employment  of  ooil-macMnes  for 
field  purposes,  and  by  persons  ttot  thoroughly  'acquainted  with 
their  somewhat  complicated  construction  and  their  action. 

Although, 'therefore,  the  system  of  exploding  charges  by  means 
of  the  induction  coil-machines,  offers  several  very  important 
advantages  over  the  voltaic  battery,  employed  alone  (one  of  the 
prmcipal  being  the  great  reduction  eflected  by  its  use  in  the  power 
of  battery  required)  its  adoption  as  a  general  substitute  for  the 
old  system  of  operation  with  the  battery  cannot  be  recommended 
with  confidence,  principally  because  proper  reliance  cannot  be 
placed  upon  the  certainty  and  permanent  uniformity  of  action  of 
the  apparatus. 

Some  experiments  which  T  Imve  instituted  quite  recently, 
combining  the  use  of  one  of  tlic  coil-maehiucs  above  referred  to, 
witli  that  of  the  new  description  of  fuze  devised  by  me  for 
employment  with  magneto-electric  apparatus  (to  be  presently 
described),  furnished  results  greatly  surpassing  in  magnitude  and 
certainty  any  which  have  hitherto  been  obtained  with  volta-induc- 
tion  currents. 
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Employing  only  six  cells  of  a  small  Smee's  battery,  £K>m  ten  to 
fifteen  charges  were  fired  with  certainty  when  amnged  in  a 
simple  dreait;  fifty  charges  (arranged  in  branch  circuits,  in  sets 
of  ten)  were  ignited  with  the  effect  of  one  explosion^  and  there  is 
no  doubt  that  this  resnlt  might  be  considerably  exceeded  with  the 
introducticMi  of  a  larger  number  of  branches  into  the  drcoit 
arrangement. 

It  must  be  borne  in  mind  that  these  results  were  obtained  with 
a  ooil^nadbine  made  by  Buhmkorff  in  1855.  The  very  important 
improrementswhioh  have  recently  been  effected  by  Ladd^Bentlej, 
Buhmkorff,  and  others  in  the  construction  of  the  induction  coil- 
apparatus,  hm  reduced  to  comparatiTe  insignificance  the  most 
powerful  results  ftimished  by  the  Buhmkorff  coil,  as  constructed 
five  or  six  years  ago.  There  is  no  doubt  that,  with  the  combined 
employment  of  the  new  fuses  and  of  one  of  the  larger  induction 
cml-machines  of  recent  construction,  the  simultaneous  ignition  of 
seyeral  hundred'  diarges  could  be.  effected  without  diffioilty,  and 
that,  in  operations  of  very  great  magnitude,  such  an  instrument 
may  be  employed  with  confidence  as  the  most  efficient  agent  for 
effecting  the  explosion  of  mines. 

II.— EzraUMBNTs  WITH  FaicnoNAL  Elbctucitt. 

It  has  already  been  stated  that,  as  early  as  the  middle  of  the 
eighteenth  century.  Franklin  and  Priestly  both  directed  their 
attention  to  the  application  of  electricity  from  the  machine  to  the 
ignition  of  gunpowder ;  but  it  was  not  until  1831  that  an  actual 
application  of  frictiaDal  electricity  to  mining  purposes  was  first 
made  by  Moses  Shaw,  of  New  York,  who,  with  fuzes  charged  with 
gunpowder  and  fulminate  of  silver,  succeeded  in  exploding  several 
mines  simultaneously,  detaching  large  masses  of  rock.  It  is  stated 
by  him,  in  his  account  of  the  experiments,  that  he  was  unable  to 
operate  during  the  greater  part  of  the  year,  on  account  of  bod 
weather.  In  1842  and  1848,  Messrs.  Warrentrap,  of  Bmnswickj 
and  Ootsmann,  of  Freiburg,  made  more  sucoesrful  experiments. 
Having  effected  improvements  in  the  insulation  of  the  conducting 
wires  used,  and  employing  fiues  which  contained  a  mixture  of  sul- 
phide of  antimony  and  chlorate  of  potassa,  they  succeeded  in  ex» 
ploding  from  eight  to  ten  mines  simultaneooaly  trough  78*5  metree. 
Notwithstanding  these  results,  they  were  compelled  to  abandon 
the  attempt  to  employ  electricity  as  a  certain  agent  for  the  explo- 
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aion  of  ganpowder^  on  account  of  tlie  evil  influeDce  of  atmosplierie 
mduAare.  In  1846,  the  subject  was  again  brouglit  up  by  Mr. 
Charles  Winter,  who  suisoeeded  in  inflaming  powder  through  a 
tdegfaph  ivirei  reaching  between  Vienna  and  Hetaendoif ,  a  dis- 
tance of  4,906  metres. 

In  1868,  when  tlte  first  sncoessM  results  had  been  obtained 
in  France  with  the  Rnhmkorff  coil,  the  Austrian  Government 
directed  the  Imperial  Engineer  Academy  to  propose  a  system  of 
exploding  charges  by  electiici^,  to  be  employed  by  the  Imperial 
Engineen. 

The  somewhat  oomplioated  character  of  the  induction  coil- 
machine,  and  the  necessity  for  the  employmoit  of  some  voltaic 
battery  with  it^  appear  to  have  been  accepted,  at  the  outset,  by 
the  Austrian  investigators  as.  formidable  obstacles  to  the  applica* 

tion  of  the  apparatus  in  question  to  military  purposes.  Attention 

was  thereft)rc  again  directed  to  the  application  of  frictional  elec- 
tricity; audj  after  three  years'  experiments,  a  system  of  operation, 
involving  the  employment  of  an  electric  machine,  was  considered 
to  have  been  sufficiently  successful  for  mttuduction  into  the 
engineer  service.  The  system  in  question  appears  to  have  fur- 
nished very  important  results,  and  to  have  been  irequently  applied 
to  industrial  operations. 

The  electric  machine  employed  is  arranged  in  a  very  portable 
form,  and  consists  of  two  discs  of  polished  glass,  twelve  inches  in 
diameter  and  four  lines  thick,  fixed  upon  one  axis,  within  1 J  inches 
of  each  other,  and  fitted  with  cushions  to  which  springs  are 
attached.  The  Leyden  jar  is  cylindrical,  fifteen  inches  high  and 
six  in  diameter  (its  area  being  276  square  inches).  It  is  protected 
by  flannel  and  fixed  in  a  case  of  lacquered  tin,  being  screwed  ou 
to  an  iron  plate  which  is  connected  with  the  Mction-apparatus. 
The  charging  is  effected  by  means  of  a  steel  point,  which  projects 
obe  inch  into  the  space  between  the  discs,  and  can  be  pushed  into 
an  aim  of  the  conductor.  The  latter  is  inserted  into  a  plate  of 
hard  caoutchouc  which  forms  the  cover  of  the  Leyden  jar,  and  is 
oonidBCted  by  chains  with  its  inner  surface.  The  machine  is 
always  covered,  when  in  use,  by  a  case,  the  sides  of  which  are 
made  of  thick  leather  and  the  top  of  tin.  A  small  stove  is  also 
fixed  beneath  it>  so  as  to  dry  the  air  inside  when  necessary.  The 
wjre  employed  as  conductor  is  brass^  which  is  raised  on  insulated 
posts  or  covered  with  gutta-percha;  the  priming  material  used  in 
the  fuses  was^  first  fulminate  of  mercury ;  a  mixture  of  dilorate 
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of  potassa  and  sulphide  of  antimony  was  afterwards  adopted. 
A  large  number  of  experiments  were  tried  m  ith  this  amngement^ 
under  the  various  couditions  in  which  it  might  receive  application. 
The  greatest  distance  at  which  an  inflammation  was  attempted 
was  four  German  miles.  On  scTeral  occasions,  fifty  mines  were 
simultaneously  discharged  in  the  same  circuit ;  the  fuzes  were 
two  klaftcrs  (toises)  from  each  other,  and  the  electric  machine  was 
140  klaflten  from  the  nearest  fuze.  In  like  manner^  thirty-six 
charges  were  simultaneonsly  exploded  in  one  of  the  hranches  of 
the  Danube;  these  diarges  were  placed  six  feet  under  water^  and 
had  xemamed  suhmerged  during  twenty  hours  previous  to  thexr 
explosion.  Other  operations  on  a  large  scale,  in  marble  qnairies, 
in  the  beds  of  rivers^  kc,  in  which  cousiderahle  masses  of  matter 
were  displaced^  are  given  in  detail  in  an  interesting  report  by 
Baron  von  Ebner,  published  in  1865 ;  they  place  the  efficiency  of 
the  process  beyond  doubt.  The  objections  to  the  system,  as 
pointed  out  in  the  report  referred  to,  are  that  some  scientific  skill 
is  required  in  the  manipulations ;  that  great  care  is  needed  in  the 
preservation  of  the  apparatus,  and  that  the  inductive  action  is 
sometimes  so  energetic  that  explosions  arc  occasionally  determined 
in  other  mines  not  intended  to  be  included  in  the  series,  and  not 
connected  with  the  machine. 

At  the  suggestion  of  Mr.  Wheatstone,  a  scries  of  experiments 
was  undertaken  for  the  purpose  of  ascertaining  whether  the  hydro- 
electric machine  of  Sir  William  Arrastronir  iniii^ht  not  be  advan- 
tageously substituted  for  the  ordinary  electric  machine  for  chai^^ing 
a  Leyden  jar  or  battery  in  the  field. 

A  small  portable  hydro- electric  machine  was  constmcted 
specially  for  the  enquiry,  and  placed  at  the  disposal  of  the  experi^ 
mentcrs  by  Sir  William  Armstrong.  It  consisted  of  a  small 
vertical  boiler  (supported  on  a  sheet  iron  stand  in  which  a  grate 
was  fixed),  of  two  gallons  capacity,  provided  m  ith  a  safety-valve, 
by  which  the  pressure  of  steam  could  be  regulated  up  to  901bs.  on 
the  inch.  The  head  of  the  boiler  was  provided  witii  a  cod^,  to 
admit  of  the  escape  of  steam,  to  whidi  was  fixed  a  horisoutal 
iron  pipe,  nine  inches  in  length,  and  of  half  an  ineh  internal  dia- 
meter, and  fitted  with  the  jet  and  wooden  (^linder  which  senre  for 
the  issue  of  the  steam  and  the  development  of  the  electricity.  The 
iron  pipe  was  surrounded  by  a  small  metsl  box,  whidi,  when  the 
apparatus  was  in  use,  was  partly  filled  with  water,  so  as  to  effect  a 
partial  condensation  of  the  vapour  as  it  passed  through  the  pipe. 
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A  brass  fork,  raised  to  a  level  with  the  jet,  and  capable  of  adjust- 
ment at  diflcreut  distances  from  it,  served  the  purpose  of  conduct- 
ing the  electricity  from  tlic  jet  of  steam  to  the  Leyden  jar  or  jars, 
which  were  placed  in  a  sheet-iron  casing,  immediately  under  the 
steam-jet.  The  boiler  was  very  well  adapted  to  the  rapid  gene- 
ration of  steam  of  considerable  pressure.  About  twenty  minutes 
after  a  wood  fire  was  kindled,  a  pressure  of  60-70lba.  was  obtained^ 
the  boiler  beinjc:  one- third  full  of  water. 

To  avoid  the  possibility  of  tlie  water  in  the  boiler  7?r7/w/w^  during 
an  operation,  in  which  case  the  charge  of  a  jar  with  electricity  could 
not  be  accomplished,  it  was  indispensable  that  the  boiler  should 
not  contain  too  large  a  quantity  of  water  (it  was  found  safest  to 
employ  it  not  more  than  one-half  full),  and  that  the  water  should 
be  free  from  solid  matter  in  snspension.   To  ensure  the  fulfilment 
of  the  latter  conditions,  it  was  necessary,  not  only  to  employ  per- 
fectly clear  water,  but  to  clean  out  the  boiler  after  each  experi- 
ment (if  spring  or  river- water  were  employed),  so  as  to  remove  all 
solid  matter  deposited  by  the  boiling  water.   With  the  employ- 
ment of  rain-  or  distilled  water,  this  precaution  was,  of  course, 
rendered  unnecessary.    The  time  required  to  charge  with  dec- 
tridty  a  Leyden  jar  of  about  1^  square  feet  surfoce,  when  the 
machine  was  in  good  working  order,  was  found  to  be  from  five  to 
seven  seconds.    The  rapidity  with  which  the  jar  was  charged 
proved,  under  favourable  conditions,  to  be  proportionate  to  the 
pressure  of  steam  employed,  the  most  suitable  being  from  CO-TOlbs. 
per  square  inch. 

The  first  experiments  on  the  ignition  of  charges  were  conducted 
with  the  employment  of  only  short  lengths  (from  12  to  60  feet) 
of  wire,  to  serve  as  connections  between  the  jar  and  the  charges. 
The  machine  was  worked  in  a  locality  sheltered  firom  wind  and 
draught.  The  priming  composition  employed  in  the  charges  was 
the  same  as  that  uHimately  adopted  in  the  experiments  with  the 
magnet,  which  will  be  presently  described.  Two  different  plans 
were  available  for  firing  the  charges  :  (1.)  by  completing  the  circuit 
before  the  jar  was  char<(ed,  and  allowing  tlie  fuzes  to  be  fired  by 
its  spontaneous  discharge  ]  (2.)  by  allowing  a  definite  time  (about 
six  or  seven  seconds)  for  the  charging  of  the  jar,  before  completing 
the  circuit.  The  first  method  would  be  preferable  for  the  ignition 
of  a  very  large  number  of  charges  in  the  same  circuit,  as  the  em- 
ployment of  the  maximum  charge  attainable  would  thus  be  secured. 
If,  however,  the  ignition  of  the  charges  had  to  be  effected  at 
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a  given  time,  it  would  be  necessary  to  employ  the  second 

method. 

The  results  oljtained  by  this  apparatus  were  very  variable.  On 
one  or  two  occasions  (five  seconds  being  allowed  for  the  chargin|p 
of  the  jar),  it  was  found  impossible  to  fire  six  charprop,  placed  iu  a 
■iinple  circuit,  simultaneously,  with  certainty;  although,  when 
eighty  and  afterwards  twelve,  were  connected  iu  a  flunilar  manner, 
seven  and  eleven  were  fired^  the  conditions  (as  to  pressure,  &c«) 
being  apparently  the  same.  On  another  occasion,  with  a  pressure 
of  70  lbs.,  and  an  allowance  of  seven  seconds  for  the  charging  of 
the  jar,  forty  fuzes  were  placed  in  circuit,  and  the  whole  number 
discharged.  One  hundred  and  twenty  were  afterwards  placed  in 
circuit,  and  of  these,  one  hundred  were  instantaneously  disdiaiged. 
Attempts  were  subsequently  made,  under  i^parently  the  same 
conditions,  to  obtain  a  repetition  of  these  results,  but  without 
success.  Ezpeiiments  made  to  effect  the  ignition  of  several  charges 
in  drcuit,  through  a  considerable  length  (one  mile)  of  covered 
wire  and  an  earth-connection,  were  only  yery  partially  sucoessfuL 
At  first  the  greater  portion  of  the  wire  was  left  in  a  coil,  for  the 
sake  of  convenience,  and  only  a  short  earth- connection  (about 
twenty  feet)  was  employed.  Very  sucoessfhl,  though  not  uniform^ 
results  were  obtained,  forty  and  fifty  fuses  (the  entire  number  in 
circuit)  having,  in  some  instances,  been  ignited,  while,  in  others^ 
a  few  were  left  in  dift*erent  parts  of  the  circuit. 

Upon  uncoiling  the  wire  to  the  extent  of  about  600  yards,  and 
causiug  the  circuit  to  be  completed  by  the  earth,  these  results 
could  not  be  iu  auy  way  depended  upon,  and  on  no  occcUsiou  were 
as  many  as  forty  charges  fired,  the  number  at  times  not  exceed- 
ing five  or  six. 

A  few  experiments  made  with  small  Leydeu  jars,  charged  with 
electricity  from  the  ordinary  cylindrical  machine,  were  confirma- 
tory of  the  comparative  uncertainty  iu  iiriug  a  large  number  of 
charges  through  an  extended  metallic  circuit  of  considerable 
length.  Forty  charges  were  fired  by  means  of  a  Leyden  jar,  con- 
taining sixty  square  inclies  of  surface,  the  electricity  passing 
through  about  twenty  feet  of  wire-circuit ;  but  on  employing  one 
mile  o£  wire,  with  an  earth-connection,  the  ignition  of  twenty-five 
chafes,  though  once  or  twice  successful,  could  not  be  depended 
upon. 

Attempts  were  made  on  two  occasions  to  employ  the  hydro* 
electiic  machine  in  the  field.    At  Chatham,  the  machine  was 


Digitized  by  Google 


BLBOTBICITT  TO  THX  BvPUMIOir  OF  aXTHPOWBEB.  179 

placed  in  the  open  air,  on  rising  groand,  and  880  yards  of  coTered 
wire  were  employed,  of  which  about  sixfy  were  extended,  an 
earfch-eonneetion  of  that  length  being  used  in  plaoe  of  a  second 
wire.  Two  Leyden  jars,  each  aiSBnrding  abont  1^  sqnare  feet  of 
snr&ee,  formed  the  battery.  They  were  enclosed  in  a  stent  wooden 
bos,  and  cTery  precaution  was  taken  to  have  them  dry  at  the  com- 
mencement  of  the  experiments.  The  time  to  be  aUowed  for  the 
charging  of  these  jars,  as  determined  by  preTions  experiments, 
made  in  a  sheltered  locality,  was  abont  ten  seconds,  with  the 
employment  of  steam  at  70  lbs.  pressnre.  The  atmoephere  was 
dry,  and  a  slight  breese  blowing  on  the  day  of  experiment.  The 
madune  was  so  placed  that  the  steam-jet  shonid  be  as  little  as 
possiUe  affected  by  the  wind. 

Repeated  unsuccessful  attempts  were  made  to  fire  fifty  charges 
in  circuit;  these  were  then  g:raclually  reduced  to  twenty,  when 
only  five  were  ignited  in  diffcreui  parts  of  tlie  circuit.  It  was  found 
impossible  to  charge  the  jars  to  more  than  a  very  slight  extent. 
This  unfavourable  result  was  ascribed,  partly  to  an  interference  of 
the  slight  wind  with  the  steadiness  of  the  jet  of  steam,  and  partly 
to  the  diflRculty  of  maintaining  the  Leyden  jars  in  a  suitably  dry 
condition.  The  machine  was  removed  to  a  trench  of  some  depth, 
for  the  purpose  of  sheltering  the  steam-jet  from  the  wind,  but 
with  no  better  result.  On  a  second  occasion,  the  machine  was 
sheltered  from  tlip  wind,  which  blew  freshly,  by  being  placed 
under  a  shed.  Forty  fuzes  were  placed  in  circuit,  with  200  yards 
of  covered  wire,  coiled  up,  and  an  earth-connection  of  about 
twenty  feet.  The  two  Leyden  jars  were  employed,  and  the  whole 
of  the  charges  were  simultaneously  ignited.  The  wire  was  af^er. 
wards  uncoiled,  and  the  same  number  of  fuzes  were  again  placed 
in  circuity  but  these  did  not  fire.  On  reducing  the  number  to 
twcTity-five,  nineteen  weie  exploded,  six  being  left  in  different 
parts  of  the  circait. 

These  experiments  appear  to  prove  beyond  doubt  that  the 
details,  or  rather  the  auxiliaries,  of  the  hydro-electric  apparatus 
employed,  must  undergo  some  considerable  modifications  before 
anything  like  definite  results  can  be  obtained  with  it.  Arrange- 
ments for  securing  the  preservation  of  the  jars  in  a  sufficiently  dry 
condition,  and  for  screening  the  jet  of  steam  from  the  prejudicial 
inflnences  of  the  wind  or  draught,  might  readily  be  carried  into 
effect,  and  would  unquestionably  contribute  greatly  towards 
rendering  the  apparatus  more  certain  in  its  action. 
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The  remits  above  noticed  were^  however^  sufBdentij  definite  to 
indicate  tha^  in  mining  operations'  d  a  very  extensive  character 
the  destrnction  of  docks,  bridges,  &c.),  irhere  it  is  desiiable  to 
ignite  a  very  laige  nnmber  of  charges  simultaueouslj,  and  at 
which,  as  is  most  generally  the  case,  fall  applisnoes  and  con- 
veniences are  at  conmiand  for  thoroughly  fulfilling  every  conditiofn 
of  snccess^  the  hydro-electric  machiiie  is  susceptible  of  very 
eflfective  application,  though  scarcely  with  the  same  degree  of 
confidence  as  could  be  placed  in  the  certainty  of  action  of  volta- 
induction  apparatus  of  recent  construction.  For  general  use  in 
the  field,  the  hydro-electric  machine,  even  if  its  appliances  are 
arranged  in  a  much  more  efficient  manner  than  was  the  case  with 
the  one  employed,  could  certainly  not  be  relied  upon  with  the 
necessary  confidence,  principally  on  account  of  the  difficulty  of 
ensuring,  in  the  field,  the  fidhlment  of  those  conditions  which 
appear  essential  to  the  proper  generation  of  electricity  by  means 
of  the  8team*jet, 

III. — ^EZFEBIMBNTS  ON  THE  APPLICATION  OF  FEEMANENT  MAGNETS 
TO  THE  EXPLOSION  OF  CHABQBS  AND  TO  SUBMARINE  OPERATIONS. 

The  ignition  of  gunpowder  by  the  direct  msgneto-electrio 
cnirrent^  though  well  known  to  be  practicable^  has  never  yet  been 
applied  to  military  or  industrial  operations^  and  no  satisfactory 
experiments  appear  to  have  been  made^  before  those  undertaken 
at  Woolwich^  showing  its  practical  applicability  to  these 
purposes. 

In  the  first  experiments  on  this  application  of  the  maijneto- 
clectric  current,  a  very  large  powerful  magneto-electric  machine 
was  employed,  which  had  been  constructed  by  Mr.  Henley  (and 
had  been  exhibited  by  him  at  the  Paris  Exhibition  in  1855). 
The  principle  of  this  instrument  was  precisely  the  same  as  that  of 
the  machine  devised  by  Mr.  Wheatstone,  for  ringing  magneto- 
electric  bells.  Its  armature,  instead  of  being  rotated,  was  sud- 
denly detached  from  the  magnet  by  means  of  a  lever.  It  was 
soon  established  by  a  few  experiments  that,  even  with  this  instru- 
ment, gunpowder  itself  could  not  be  ignited  with  any  degree  of 
certainty.  Besults  obtained  with  Statham's  and  other  fiizes^ 
though  superior  to  those  furnished  by  gunpowder  alone,  were  still 
£ur  from  satisfactory.  The  first  efforts  were  therefore  directed  to 
the  discovery  of  a  suitable  agent  to  serve  as  a  perfectly  certain 
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medium  (or  priming  material)  for  effeothig  the  ignition  of  chargei 
by  means  of  the  magneto-electric  machine.  For  thU  purpoaet^  a 
tariefy  of  oomponnds  and  mlztarea  of  a  more  or  lew  aenaitive 
character,  were  prepared  for  trial  with  the  magnet*  the  following 
were  the  principal  ^ed :  miztorea  of  meal  powder  with  powdered 
coke,  with  anlphnr,  with  sulphor  and  iron  filings^  with  iron  filings 
and  carbon,  with  fulminate  of  mercuiyi  and  with  the  latter  in 
addition  to  iron  filings  and  to  coke;  fidminate  of  mercury 
percQBsion-cap  composition,  alone,  and  with  coke ;  detonating  com- 
position (sulphide  of  antimony  and  chlorate  of  potassa)  ;  the  same 
mixed  with  iron  filiugs  and  with  coke ;  gim-cotton  alone,  and 
mixed  with  some  of  the  above ;  amorphous  pliospliorus,  in  ad- 
mixture with  oxidising  agents.  It  will  he  observed  that  the  nature 
of  the  above  materials  was  varied  so  as  to  test  the  sensitiveness  of 
readily  ignitable  substances,  botli  alone,  and  when  mixed  with 
bodies  which  would  serve  as  electrical  conductors. 

Many  of  these  compositions  furnished  results  to  a  certain  extent 
favourable,  a  number  of  fuzes,  primed  with  them,  having  been 
fired  in  succession  m  ith  the  magnet,  and  from  two  to  four  charges 
in  one  circuit  having  been  ignited,  in  a  very  few  instances.  But 
no  perfect  certainty  of  discharge  '^as  attained  with  any  one  of  the 
above  materials  ;  the  attempt  to  fire  a  fuze  being  firequently  nn» 
successful,  while  no  difference  between  it  and  a  successful  luae^ 
containing  the  same  composition^  could  be  detected  by  careful 
examination.  These  prdiminary  trials,  however^  established-  the 
fiuit  that  the  sensitiTeness  (ready  ezploeiTeness)  of  a  priming 
material  was  not  alone  snffident  to  determine  its  snooess,  hut  that 
those  which  possessed  a  certain^  though  not  too  considerable 
degree^  of  conducting  power^  were  mgre  readily  and  certainly 
ignited  than  others  of  a  fitr  more  sensitive  character. 

Some  snecesafhl  results^  obtained  aceidentaUy  with  one  of  the 
experimental  compositions^  which  had  become  damp  by  exposure 
to  air^  led  to  a  trial  of  the  effect  of  moisture  in  promoting  the 
ignitionof  but  slightly  sensitive  compositions,  and  it  was  ultimately 
found  that  the  impregnation  of  ordinary  gunpowder  with  a  small 
amount  of  moisture  (by  an  expedient  similar  in  princii)le  to  one 
adopted  with  considerable  success  by  Captain  Scott,  ll.E.,  in  con- 
nection with  charges  to  be  fired  by  the  induction  coil-machine), 
rendered  its  ignition  by  means  of  the  magnet  a  matter  of  cer- 
tainty. 

Some  important  precautions  were,  however,  indispensable  to 
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Fig.  8. 


the  attainment  of  this  definite  result.  If  the  ^slightly  damp 
powder  was  employed  in  a  finely  divided  condition,  it  very 
frequently  became  caked  between  the  wire-tenninak  iu  the  toMe, 
and  the  current  would  then  pass  through  the  composition  without 
igniting  it.  This  was  found  to  take  place  occaaionally,  even  when 
the  powder  waa  employed  in  ita  original  granular  condition* 
Several  attempta  were  made  to  oyereome  thia  diffienlty  by  modify- 
ing the  form  and  poeition  of  the  terminala  or  poles  in  the  fame, 
and  I  at  laat  contrived  a  peifeotly  aooceaafol  arrangement  in  whidi 
only  the  seetimuU  smfaee$  of  the  terminala,  consisting  of  fine 

copper  wire  (0.022  inch  diameter)  were 
eipoaed  in  the  interior  of  the  ibie  (aee  a, 
fig.  3),  80  as  not  to  project  at  all.  The 
prepared  gunpowder,  therefore,  simply 
rested  upon  the  surfaces,  and  a  perfect 
uniformity  in  the  action  of  the  faze  was 
attained.  The  priming  composition  con- 
sisted of  fine-grain  gunpowder,  which  had 
])cen  soaked  in  an  alcoholic  solution  oi 
chloride  ot  calcium,  of  a  strength  suflFi- 
cient  to  impregnate  the  grains  with 
from  one  to  two  per  cent,  of  that  salt. 
The  prepared  powder  was  exposed  to  the 
air  for  a  short  timcj  to  permit  of  a  suffi« 
cient  absorption  of  moisture  by  the  de» 
liquescent  salt.  Upwards  of  500  quill-fuzee 
(of  tiie  deaeription  empk^ed  fiir  fixing  guna)^  primed  witJi  the 
prepared  gnnpowder^  and  fitted  with  the  arrangement  of  the 
terminals  above  refenred  tp  (fig.  8),  were  fired  with  the  larger  lever- 
magnet.  The  fidlmea  did  not  amonnt  to  mi«e  than  8  per  oent*, 
and  were  all  proved  to  be  due  to  defective  mann&ctnre.  In  the 
ezperimenta  with  these  fiues,  one  or  two  simple  rheotomio  arrange- 
ments,  snoh  as  that  referred  to  in  the  first  part  of  this  memoir^ 
were  snccessfolly  employed  for  effecting  the  rapidly  snooenuTe 
discharge  of  a  series  of  fuzes. 

The  above  fuze  was  found  to  be  easy  of  manufacture  and  per- 
manently effective.  While,  however,  it  presented  a  certain  means 
of  effecting  the  ignition  by  the  aid  of  a  powerftd  magnet,  of  single 
charges,  or  of  a  large  number,  to  be  fired  in  moderately  rapid 
succession,  it  was  inapplicable  to  the  ignition  with  certainty  of 
more  than  one  charge  in  circuit.    After  a  great  number  of  experi- 
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ments,  I  at  length  succeeded  in  the  production  of  a  priming 
material  for  the  fuze^  which  greatly  exceeded  in  aensitiveness  any 
of  the  other  oompontiona  hitherto  tried.  A  ver^'  gradual  separa- 
tion of  the  armature  firom  the  large  magnet  miffioed  to  e£fect  the 
ignition  of  the  fiuea  primed  with  this  material^  and  the  indoced 
current  obtained  by  means  of  a  Teiy  small  magnet,  with  a  rotatory 
armature^  aneh  as  employed  in  Wheatst one's  magneto-electrio 
telegn^h,  was  sufficiently  powerfol  to  prodnoe  the  same  result. 
I  have  recently  found  tlmt  the  currents  obtained  from  magnetic 
instruments  of  inferior  power  and  less  perfect  canstmctian,  snch 
as  the  small  American  magneto-electric  medical  appaxatoa,  readily 
ignite  this  priming  material^  and  that  fuses  primed  witii  it  are 
fired  with  certainty,  by  the  smallest  electro-magnetic  apparatus, 
with  the  employment  of  one  moderate- sized  cell  of  S  m  e  e '  s 
battery. 

The  new  priming  composition  consisted  of  a  very  intimate 
mixture  of  sub-phosphide  of  copper,  chlorate  of  potassa,  and 
levigateil  coke,  tlie  latter  substance  being  employed  to  add  to 
the  conducting  power  of  the  mixture^  which  was  found  otherwise 
insutiicient. 

In  the  course  of  experiments  subsequently  carried  on  with  fuzes 
which  contained  this  composition,  it  was  found  that  a  slight 
residue,  consisting  principally  of  the  coke  employed,  occasionally 
lemaiued  on  the  soriaees  cf  the  terminals  in  the  fuze,  after  its  di»> 
charge,  and,  by  forming  a  good  conducting  link  between  them, 
interfered  with  any  future  effects  of  the  magnetic  current  in  other 
direetiaiis,  by  the  establishment  of  a  complete  eircuit.  This  obstacle 
to  the  perfect  success  of  the  composition  was  entiriBly  removed  by 
the  snbstitutioOf  for  the  coke^  of  another  material,  move  easily  acted 
on  by  the  chlorate  of  potasssy  and  answering  equally  vdl  as  a  oon« 
ducting  medinm ;  namely,  the  sub-sulphide  of  copper.  No  instanoe 
has  ooottzred  in  the  discharge  of  aeversl  thousand  fbses,  primed  with 
the  mixture  of  sub-phosphide  and  sab-sulphide  of  copper  with 
ehUnrate  of  potassa,  in  which  tiie  terminals  haye  not  been  found 
quite  free  from  adherent  readne,  after  the  ignition. 

The  sub-phosphide  of  cc^per,  which  is  produced  at  an  elevated 
temperature,  is  a  compound  of  very  staUe  character,  and  the 
mixture  of  the  three  constituents  is  quite  as  unalterable  as  the 
explosive  mixtures  which  are  iu  general  use  for  tlie  preparatiou  of 
percussion  caps,  &c.  The  stability  of  the  mixture  has  already 
been  submitted  to  very  satisfactory  tests.    Fuzes  primed  with  it 
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have  been  foimd  to  Ih^ve  lost  none  of  tbeir  delicacy  and  certainty^ 
when  tried  more  than  two  years  after  preparation. 

Before  passing  to  a  statement  of  the  results  obtained  by  the  aid 
of  this  priming  composition,  in  invest! (gating  the  extent  to  which 
magneto-electricity  could  be  ap])lie(l  with  certainty  to  tlie  simul- 
taneous ignition  of  a  number  of  fuzes,  some  little  account  must  be 
given  of  the  properties  of  the  priming  material  itself  and  of  the 
mnlts  which  regulated  the  pxoportioDB  in  which  its  ingredieats 
were  employed. 

The  sub-phofiphide  of  copper,  intimately  hlended  with  chlorate 
of  potaasAi  forme  a  mixture  in  a  high  degree  seiMitive  to  the  effect 
of  heat,  and  potBeesed,  at  the  same  tune^  of  aome  power  of  con- 
ducting  electricity.  With  the  employmentj  however,  of  magneto* 
electric  machines  of  comparatively  low  power,  and  in  cases  where 
the  resistance  to  he  overcome  hy  the  current  is  considerable;,  this 
oondncting  property  is  not  sufficient  to  ensure  the  ignition  of  the 
mixture  by  assisting  the  passage  of  the  cunent  across  the  inter- 
ruption in  Uie  metallic  circuit  {i.e.,  across  the  smaU  diatanoe 
between  the  terminals  of  the  wires  in  the  fine.)  It  mnst  be  borne 
in  mind  that  the  striking  distance,  or  the  space  between  the 
terminals  across  which  the  current  from  even  a  powerful  magneto- 
electric  machine  will  leap,  is  very  small.  AVith  the  large  lever- 
magnet,  the  spark  could  only  be  produced  when  the  wires  were 
almost  in  contact.  Since,  however,  it  is  indispensable  to  the 
proper  insulation  of  the  wires  in  the  fuzc-arrangement,  that  the 
terminals  should  be  at  least  one-sixteenth  of  an  inch  apart,  it  will 
be  readily  understood  how  essential  to  success,  in  operations  with 
these  machines,  it  is  that  the  priming  material  should  posseaa 
considerable  conducting  power.  Hence  the  necessity  of  increasing^ 
the  conducting  power  of  the  mixture  of  sub-phosphide  of  copper 
and  chlorate  of  potassa ;  a  result  which,  it  has  been  already 
stated,  was  obtained  in  the  first  instance  by  the  employment  of 
finely  levigated  coke,  and  afterwards,  by  the  substitution  of  sab- 
sulphide  of  copper  for  that  substance.  Many  experiments  were  of 
course  required  to  determine  the  proporticns  in  which  it  was 
advisable  to  employ  the  conducting  oonstituenty  so  as  to  ikcilitate  the 
passage  of  the  current  through  the  mass  as  ftr  as  possible,  without 
interfering  too  much  with  the  sensitiveness  of  the  explosive  mixture, 
or  producing  an  almost  perfectly  oontinuous  connection  between 
the  two  poles  in  the  fuse,  and  thus  promoting  the  passage  of  the 
current  so  greatly  as  to  prevent  the  ignition  of  the  comporition. 
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ConaideTable  difficulties  were  enoountered  in  the  endeavours 
properly  to  balance  these  conditions,  when  attempts  were  made^ 
which  will  presently  be  mentioned,  to  apply  the  mixture  in  ques- 
tion to  the  ignition  of  several  charges  in  circuit.  The  increase  in 
the  resistance  of  the  current^  consequent  on  the  introduction  of 
more  than  one  interruption  in  the  metallic  circuity  necessitated 
an  increase  in  the  conducting  power  of  the  mixture,  which  it  was 
difficult  to  attain,  unless  at  a  considerable  sacrifice  of  the  sensi- 
tiveness of  tho  coiiipo*itioii.  It  was  constHiuciitly  found  that, 
when  tlie  proper  conditions  had  been  attaiiu;d  for  ensuriiij^  the 
pa.ssa«re  oftlie  current  through  several  (five  or  six)  fuzes  in  circuit, 
the  absolute  certainty  of  the  fuze,  when  applied  in  this  manner, 
had  been  sacrificed.  Thus,  out  of  several  fuzes  tried  together, 
which  had  been  most  carefully  ]ut pared,  so  as  to  be,  as  far  as 
possible,  perfectly  alike,  the  current  would  ignite  a  few,  pa-Msing 
through  the  othears  without  affecting  them;  and  would  thus  point 
to  minute  differences  in  the  conducting  powers  and  sensitiveness 
of  different  portions  of  one  and  the  same  quantity  of  the  mixture, 
which,  it  is  almost  needless  to  observe,  was  prepared  in  such  a 
way  as  to  ensure  the  greatest  possible  uniformity. 

By  a  large  number  of  careful  experiments,  the  proportions  of 
ingredients  were  at  length  determined,  which  iiimished  a  mixture 
possessed  of  high  conducting  power,  attainable  without  detriment 
to  the  sensitiveness  (ready  explosiveness)  of  the  materiaL  The 
perfect  certainty  of  its  action,  when  applied  in  the  fbze,  to  the 
explosion  of  a  single  charge  by  means  of  magneto-electric  machines, 
has  been  proved  by  the  ignition  of  at  least  5000  fuzes  without 
failure.  A  large  number  of  these  have  been  fired  by  means  of  the 
smaller  machines  already  referred  to. 

The  fuzes  contrived  by  me  for  use  with  magneto-electric  appa- 
ratus are  of  two  kinds,  tlie  one  being  adapted  for  mining  purposes 
and  the  other  for  tiring  cannon.  The  fuze  for  mining  purposes 
(fig.  4)  cousists  of, — 

a.  A  head  for  receiving  the  wires  which  connect  the  fuze  with 
the  magnet  and  the  earth ; 

b.  Of  the  insulated  wires,  with  the  terminals  of  which  the 
primiug  material  is  in  close  contact ; 

c.  Of  a  small  cartridge  or  charge  of  powder,  enclosing  the  ter- 
minals, upon  which  the  sensitive  composition  rests. 

The  wooden  fuze-head  contains  three  perforations  {a  a,bb,c  C, 
fig.  5) ;  the  one,  passing  downwards  through  the  centre,  leoeiveB 
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about  two  inclies  of  double  uuiulated  wue^  d^*  The  other  two 
perforatioDfly  which  are  parallel  to  each  other  on  each  aide  of  the 
central  one,  and  at  right  anglea  to  it,  aerve  for  the  reception  of  the 
circuit-wires.    The  arrangement  for  flecoring  the  connection  of 

these  with  the  insulated  wires  in  the  fuzes  is  as  follows : — 

The  piece  of  double  covered  wire  above  referred  to,  is  oriorinally 
of  a  sufficient  length  to  allow  of  the  gutta  percha  being  removed 
from  about  one  and  a-half  inches  of  the  wires.  These  bare  ends  of 
the  fine  wires,  which  are  made  to  protrude  from  the  top  of  the  fuze- 
head  (a,  fig.  5),  are  then  pressed  into  sl)<::ht  ^rroovcs  in  the  wood 
provided  for  their  protection,  and  the  extremity  of  each  is  passed 
into  one  of  the  horizontal  perforations  in  the  head,  in  which 
position  it  is  afterwards  fixed  by  the  introduction  into  the  hole  of 
a  tightly-fitting  piece  of  copper  tube,  so  that  the  wire  is  firmly 
we^ed  between  the  wood  and  the  exterior  of  this  tube,  and  ia 
thus  at  the  same  time  brought  into  close  contact  with  a  oompa^ 
ratively  large  surface  of  metal.  It  will  be  aeen  that  it  ia  only 
neoeasary  to  fix  one  of  the  circnit-wirea  into  eadi  of  theae  tubea  in 

•  Tins  double  covercf!  wire  consistii  of  two  copper  wires  of  0*022  inch  diameter, 
enclosed  eide  bj  Hido,  at  a  distance  of  inch  apart,  in  a  coating  of  gutta  percha 
of  %  indi  dttmeter.  It  baa  been  prepared  by  the  Gntt»  Percha  Company  for 
thia  parCicolar  paipoee  in  oonaiderablo  leagtbs  (800  Ttida),  tnm  wbioh  tbe  piooes  of 
lequiBiie  length  are  cut  oflT  as  required.  The  insuUtion  of  the  two  wiiea  baa  been 
fomid  perfect  throogboal  tbe  wholo  length  maavihdttred  at  one  time. 
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the  opporite  ndes  of  the  foie-head^  in  order  to  ensnre  ft  solScient 
md  perfectly  distinct  connection  of  each  one  of  them  with  one  of 
the  intulated  wires  in  the  fiiie. 

The  phosphide  of  copper  lose  for  firing  cannon  f;^.  6. 
(fig.  6)  differs  somewhat  in  construction  ftom  the 
miniii^^  fuze.  The  head  is  somewhat  longer,  and 
of  such  a  form  tliat  the  double-covered  wires  are 
completely  enclosed  in  it,  the  lower  extremity  of 
its  central  perforation  still  remaining  free  to  receive 
the  top  of  the  quill-  or  copper-tube,  which  is 
charged  with  [pinpowder  in  the  same  manner  as 
the  ordinary  tube-arrangement  for  iiring  cannon. 

Numerous  experiments  made  with  the  aid  of  the 
detonating  mixture  with  which  these  fuzes  were 
primed,  established  the  feet  that  the  current  ob- 
tained by  means  even  of  a  very  powerful  magneto- 
electric  machine  when  applied  to  the  ignition  of 
several  charges  arranged  m  mecenhn  in  one  curcmty 
is  Tcry  limited  in  its  powers.  la  illustration  of 
this,  it  may  he  stated  that^  on  trial  being  made  of  twenty-one 
oonsecntiTe  sets  of  four  charges,  eighteen  of  the  sets  were 
perfisctly  discharged,  bnt  in  the  other  three  sets^  only  two  or 
three  of  the  charges  were  ignited.  Out  of  five  sets^  of  five 
diarges  each,  only  two  sets  were  completely  discharged  ;  and 
in  several  attempts  made  to  ignite  six  fuses  in  one  circuit, 
only  four  were  tired  in  each  case.  In  all  these  experiments, 
when  charges  had  escaped  ignition,  the  current  had  j^assed 
through  the  sensitive  composition  without  firing  it.  AVhen  the 
discharged  fuzes  were  removed,  and  the  remaining  ones  pro- 
perly connected,  they  were  all  fired.  It  has  been  already  stated, 
that  no  boneficial  effects  were  attained  by  modifying  the  propor- 
tions of  iufrredients  in  the  priming  composition,  so  as  to  diminish 
or  increase  its  conducting  power.  Three  charges  might,  therefore, 
be  considered  the  largest  number  that  oould  be  ignited  with 
certainty  by  means  of  a  powerful  electro,  magnetic  machine,  when 
they  were  arranged  in  succession,  in  simple  circuit. 

The  plan  originally  suggested  by  M.  Savare,  of  arranging  the 
charges  in  divided  circuits  was  next  tried,  and  fbmished  tut 
more  successful  results.  The  simultaneous  ignition  of  twenty* 
five  charges,   arranged  as  shown  in  fig.  2,  was  repeatedly 
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effected ;  and  forty  charges  were  similarly  exploded  on  seyeral 
occasions.  These  results  >vcrc  all  obtained  with  the  large  nia^^rnet 
oongtructed  by  He u ley,  the  current  being  establiBhed  ])y  rapidly 
separatiiig  the  armature  from  the  poles  by  means  of  a  lever.  By 
a  simple  arrangement  for  shifting  the  oonnection  of  the  main  wire 
with  the  exploded  charges  from  them  to  a  second  scries,  similarly 
arranged^  twenty-five  were  almost  simultaneously  ignited  on  allow- 
ing the  armature  to  return  to  the  poles  of  the  magnet.  It  was 
found,  moreover,  that  the  same  number  could  be  fired  by  means  of 
this  magnet»  even  if  two  folds  of  thick  brown  psj^r  were  inteipoaed 
between  the  pedes  and  the  armature,  so  that,  on  depression  of 
the  lever,  the  armature  had  no  longer  to  be  forcibly  detached,  but 
simply  to  be  removed  from  the  magnet.  The  success  of  these 
results  led  to  trials  of  magneto-electric  machines  of  comparatively 
BTnall  size,  with  revolving  armatures.  In  the  employment  of  these 
maeliiiies,  it  was  of  course  not  expected  that  any  .single  induced 
current  obtained  from  them  should  distribute  itself  among  a 
number  of  fuzes  placed  in  divided  circuit,  as  is  the  case  m  ith  the 
comparatively  much  Tuore  powerful  current  obtained  with  the  large 
magnet,  but  it  was  hoped  that  the  very  rapid  succession  of  cnn*ents 
furnished  by  them  would  produce  a  very  similar  result,  by  distri- 
buting themselves  over  the  diilcrent  brandies  of  the  circuit  with 
which  the  fuses  were  connected,  and  that  tiie  ignition  of  the  whole 
of  the  fuzes»  though  it  could  not  be  so  positively  instantaneous  as 
when  the  one  current  was  discharging  the  entire  number,  might 
yet  be  effected  with  such  rapidity  as  practically  to  amount  to  a 
simultaneous  discharge. 

The  results  obtained  fully  confirmed  these  expectations.  With 
a  small  horse-shoe  magnet,  7  inches  in  length,  1  inch  in  breadth, 
and  1|  inches  in  thickness,  provided  with  a  revolving  armature  and 
multiplying  wheels,  by  which  great  rapidity  of  motion  could  be 
attained,  twenty-five  charges  were  fired;  the  effect  of  the  discharge 
on  the  ear  was,  however,  not  like  that  of  one  single  explosion,  as 
was  the  case  in  the  former  experiments,  but  like  that  of  an  exceed- 
ingly rapid  volley,  in  which  the  explosion  of  any  single  charge 
could  not  be -distinguished.  Still  inoro  favoural)le  results  were 
obtained  with  a  very  compact  arraugcuicut  consisting  of  six  sniall 
magnets,  to  the  poles  of  which  were  fixed  soft  iron  l  iars,  surrounded 
by  coils  of  insulated  wire.  The  cjils  of  all  the  uiaguets  were 
united  together  so  as  to  form,  v.  itli  the  extvi-ual  conducting 
wire  aud  the  earth,  a  single  circuit.   An  aius  carried  six  soft  iron 
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Armatuies  in  snocesaion  befine  each  of  ih»  ooils.  By  this  amnge- 
ment^  two  advantages  were  gained ;  all  the  magnets  sbnultaneonsly 
charged  the  wire  and  prodaoed  the  effect  of  a  single  magnet  of 
more  than  six  times  the  dimensions^  and,  at  the  same  time,  six 
shocks  or  currents  were  generated  daring  a  single  rerolntion  of  the 
axis,  so  that,  when  aided  by  a  mnltiplying  motion  applied  to  the 
axis,  a  very  rapid  succession  of  powerful  currents  was  prodnoed. 
A  sing:le  large  magnet  with  a  rotating  armature  could  not  be  made 
to  produce  the  same  succession  of  currents  ^vithout  the  application 
of  considerable  mechanical  power.  Another  peculiarity  of  this 
apparatus  was  that  the  coils  were  stationary,  and  the  soft  iron 
armatures  alone  were  in  motion :  by  this  disposition,  the  circuit 
was  never  broken  during  the  action  of  the  machine.  In  the  usual 
magneto-electric  machines  with  rotating  armatures,  the  circuit 
is  necessarily  broken  twice  during  every  revolution;  and  this 
frequently  gives  rise  to  irregularities  in  the  production  of  the 
currents.  By  the  construction  adopted,  the  cnrrents  can  never 
fail  to  traverse  the  circuit. 

By  means  of  tliis  apparatus,  twenty-five  charges  were  fiequently 
fired  in  divided  circuit,  with  such  rapidity  that  the  effect  on  the 
ear  was  as  of  one  explosion,  only  of  slightly  longer  duration  than 
when  the  large  magnet  was  employed. 

On  some  occasions,  when  a  slight  difoence  was  made  in  the 
velocity  with  which  the  apparatus  was  worked,  an  interval  could 
be  distinctly  noted  between  the  first  and  last  discharge,  but  even 
in  those  instances,  the  effect  could  not  be  considered  as  otherwise 
than  a  practically  amultaneous  discharge.  Some  sets  of  fifty 
charges  in  divided  circuit  were  also  ignited  by  means  of  this  appa- 
ratus ;  but  in  those  instances  the  interval  between  the  first  and  the 
last  discharge  was  naturally  longer,  being  about  the  same  as  that 
observ  ed  when  twenty-five  charges  were  fired  by  means  of  the  small 
magnet  above  referred  to. 

The  system  of  firing  charges  by  means  of  magneto-electricity, 
with  the  aid  of  the  phosphide  of  copper  fuze,  having  been  thus  far 
successfully  developed,  a  scries  of  experiments  was  instituted  at 
Chatham,  for  the  })urpose  of  thoroughly  testing  its  certainty  and 
applicability  in  the  field,  and  subsequently  for  ascertaining  the 
extent  to  which  it  admitted  of  application  to  the  explosion  of  sub- 
marine charges.  These  experiments  extended  over  a  period  of  six 
months,  and  were  perfomied  under  various  conditions  of  weather. 
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It  will  readily  be  uiiderstood  that  the  best  and  most  simple 
method  of  coinu'ctiiifj  the  fuzes,  enclosed  in  tbe  charges,  with  the 
oranch-wires  and  the  earth,  of  arran^^ing  the  experimental  charCToa 
for  explosion,  and  of  carrying  out  the  various  small  but  essential 
details  involved  in  the  operatioiis,  were  only  gradually  arrived  at; 
and  that,  consequently,  in  many  of  the  iirat  experimental  which  were 
only  partially  successful,  the  failoree  were  traced  to  causes  unooa- 
uected  with  the  efticieDOj  of  the  ma^eto-electric  apparatus,  or  the 
fuze.  It  would  he  superfluous  in  this  memoir  to  enter  into  details 
with  regard  to  those  preliminary  experiments,  however  important 
they  were  at  the  period  of  the  invest^^on ;  the  description  of  the 
operations  at  Chatham  will  therefore  be  confined  to  those  which 
were  carried  on  according  to  the  plan  which  was  ultimately  proved 
to  be  most  efiicient.  The  magneto-electric  apparatus  employed  in 
all  the  field  experiments  was  Mr.  Wheat  stone's  srrangement  of 
six  small  magnets,  junt  now  described,  the  whole  a|)pSratus  baring 
been  enclosed  in  a  box,  so  that  the  only  exposed  jwrtions  were  the 
biudinj^  screws  for  the  attachment  of  the  wires,  a  handle  for  setting 
the  armatures  in  motion,  and  a  key,  by  the  depression  of  which,  at 
a  given  signal,  the  circuit  could  be  completed. 

To  employ  the  instrument  at  any  moment,  only  the  followin^j 
operations  were  necessary  ;  the  insulated  wire  and  the  copper  wire 
passing  to  the  earth  Averc  fixed  to  the  a[)paratus  by  means  of 
binding  screws:  the  instrument  was  raised  from  the  ground  by 
being  placed  on  its  packing  case ;  at  that  height,  a  man  could 
operate  with  it  when  in  a  kneelin«;  posture.  At  the  signal 
Ready,"  the  handle  was  turned  with  one  hand,  so  as  to  cause  the 
armatures  to  revolve  with  the  greatest  possible  velocity,  whilst  the 
other  hand  was  pressed  against  one  comer  of  the  instrument  doae 
to  the  key,  so  as  to  steady  the  box  and  to  be  ready,  at  the  signal 
7  Fire,"  to  depress  the  key  with  the  thumb. 

The  connection  of  the  instrument  with  the  earth  was  effected  as 
follows:  a  moderately  dean  apade  was  selected  from  among  thoee 
used  by  the  men  in  digging  holes  for  the  charges.  One  end  of  a 
piece  of  stout  copper  wire  was  placed  under  the  edge  of  the  spade, 
so  that,  when  the  latter  was  firmly  forced  into  the  ground,  the  wire 
was  pressed  by  the  earth  on  both  sides  against  tiio  iron  surface. 
The  protruding  wire  was  wound  once  or  twice  round  tlie  bottom  of 
the  spade  handle,  and  then  attached  to  the  binding  screw  of  tUe 
magnet. 

The  gutta-pcrcha-covered  wire  used  m  the  experiments  having 
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been  in  occasional  service  at  Chatham  for.Bome  years,  the  coatiDg 
had  Bostained  some  injury  in  two  or  three  placet.  Such  defects 
were  protected  from  possible  oontaet  with  the  earth  by  meant  of 
waterproof  doth  or  sheet  india-mbber.  The  total  length  of  wire 
used  was  881  yards/of  which  600  were  extended,  lying  along  the 
ground. 

To  the  extremity  of  the  covered  wire  a  number  (from  12  to  26) 
of  pieces  of  similar  insulated  wire«  varying  in  length  between  three 

and  six  yards,  and  serring  to  oonnect  it  with  the  individual  charges, 
were  attached  in  the  following  manner ;  about  six  inches  of  the 
extremity  of  tlie  main  wire  and  of  each  of  the  branch  wires  were 
laid  bare  and  cleansed ;  the  end  of  the  former  was  then  surrounded 
with  those  of  the  latter  (placed  in  an  opposite  direction)  and  the 
whole  tightly  twisted  together  by  means  of  pliers,  so  as  to  be 
brought  thoroughly  in  contact  with  each  other  and  with  the  main 
wire.  The  twisted  wires  were  then  bound  round  with  moderately 
fine  copper  wire,  which  was  made  to  bring  every  portion  of  the 
exterior  of  the  bundle  into  connection.  The  joint  was  made  rigid 
with  pieces  of  stick  tied  against  it  and  the  whole  securely  enveloped 
in  a  piece  of  waterproof  cloth  or  oanvaSy  to  protect  it  from  damp 
and  contact  with  the  earth. 

These  connectionsi,  though  of  a  very  rough  description  and  most 
readily  prepared  by  any  soldier,  were  thoroughly  effectnaL  No 
inttanoe  occurred,  in  the  whole  of  the  experiments,  of  the  ihilure  of 
a  charge),  which  could  be  attributed  to  an  imperfect  connection  of 
its  branch  wire  with  the  main  wire. 

The  following  was  the  method  adopted  for  connecting  the  frusea 
with  their  respective  branch  wires  and  with  the  earth. 

The  fnaes,  as  they  were  manufactured,  were  always  fitted  with 
two  pieces  of  covered  wire  twitted  together  (Fig.  7),  which  were 
tightly  fixed  into  their  proper  positions  by  forcing  a  short  pin  of 
copper  wire  into  the  holes  of  the  fuze-head.  They  were  thus  ready 
for  insertion  into  the  bag  or  other  receptacle  containing  the  charge 

Fig.  7. 


of  gunpowder,  the  ends  of  the  covered  wires  protruding  from  the 
opening  of  the  latter  to  a  convenient  diitance  for  efiecting  the 
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junction  with  the  branch-  and  carth-wircs.  The  extremities  of  one 
ot  the  fuze-wires  and  of  a  branch  wire  (from  both  of  which  the 
gutta-pcrclja  was  removed  to  a  distance  of  about  two  inches)  were 
oonnected  by  booking  them  firmly  one  in  the  other  with  pliers  (in 

Fig.  8. 


the  manner  shown  m  Fig.  8).  A  piece  of  fine  copper  binding  wire 
wft8  then  twisted  over  the  whole  of  the  ixmnection,  and  the  joint 

was  finally  enclosed  in  a  small  wrappinoj  of  oiled  canvas,  in  a 
manner  similar  to  that  adopted  at  the  principal  junction  with  the 
main  wire. 

The  extremity  of  the  other  fuze-wire  was  attached  to  an  un- 
covered copper  wire,  of  suthcicnt  lenf^th  to  brin^  ilic  whole  of  the 
char^jcs  into  connection  with  each  otlicr  in  this  manner.  The  wire 
was  fixed  in  a  convenient  position  by  In^ng  twisted  round  sliort 
stakes  or  pickets  driven  into  the  grround,  and  it«  extremities  were 
buried  in  the  earth,  being  attached  either  to  spades,  as  akeady 
describedj  or  to  zinc  plates  about  eight  inches  square. 

The  YCtj  Tapid  and  oomparatively  rough  manner  in  which  these 
various  connections  were  made  (the  tedious  operation  of  brightening 
eyery  metallic  connection,  so  essential  with  the  employment  of  the 
▼oltaio  batteiy,  being  dispensed  with),  and  their  uniTersally 
efficient  character,  were  particularly  commended  by  the  ofRcen 
and  men  who  witnessed  and  asnsted  in  the  experiments.  With 
reference  to  the  earth-oonnectionB,  the  employment  of  large  metallie 
surfaces  was  proved,  by  repeated  experiments  at  Chatham  and 
Woolwich,  to  be  superfluous.  The  simple  insertion  into  the  ground 
ot  the  uncovered  extremity  of  the  fuse^wires  was  found  to  afford  a 
perfectly  snfficient  connection  for  ensurinoj  the  ignition  of  charges. 
The  plan  above  described  of  connecting  together  the  whole  of  the 
charges  was,  however,  adopted  as  being  undoubtedly  the  mode  of 
proceeding  least  liable  to  accidental  derangement. 

The  largest  number  of  charges  which  it  was  attempted  to  fire 
at  once  at  Chatham  was  twenty-five.  The  ignition  of  twelve 
charges  was  repe;it(Hlly  eficctcd,  and  with  such  rapidity  as  to  have 
the  practical  effect  of  a  simultaneous  discharge  of  the  whole. 
With  twenty-five  charges,  the  interval  between  the  first  and  last 
discharge  was  very  decided;  it  was  considered,  however,  that  even 
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the  ignition  of  the  twenty-five  charges  (at  a  distance  of  600  yards 
£rom  the  magnet,  and  with  the  employment  of  881  yards  of 
ooTered  wire,  and  in  addition,  ahout  100  yards  in  the  form  of 
hranch-wirea)  was  effected  with  sufficient  rapidity  to  allow  of  that 
nmnher  being  employed  in  cases  where  a  simultaneous  disdiarge 
was  required. 

It  need  scarcely  be  stated  that  in  dealing  with  electricity  of 
induction,  defects  in  the  insulation  of  the  main  and  branch  wires 

had  to  be  very  CMicluUy  guarded  against.  Several  failures  in  the 
first  experiments  were  eventually  traced  to  some  detect  oi'  that 
kind.  An  instance  even  occurred,  before  the  proper  method  of 
protecting  the  connections  of  the  charges  with  tlie  insulated  wires 
was  adopted,  in  which  the  depoMtiou  of  moisture  upou  t\ie  gutta- 
percha-covered  wire,  near  the  cliarge,  prevented  the  ignitiou  of 
the  latter,  by  forming  a  couuei  tiug  iiuk  between  the  extremity  of 
this  wire,  where  it  was  exposed  and  attached  to  the  fuze,  and  the 
uncovered  wire  leading  to  the  earth,  in  oonseqncnce  of  the  two 
wires  being  in  contact  at  a  distance  of  several  inches  from  tlie 
fuze.  It  is  therefore  always  a  preliminary  precaution  of  primary 
impnrtance,  that  the  insulating  covering  of  the  wire  to  be  em- 
ployed be  carefully  inspected,  while  the  latter  is  being  laid  out  for 
use,  and  that  any  imperfections  be  protected  from  possible  contact 
with  the  earth,  or  from  the  access  of  moisture ;  a  result  easily 
attainable  by  the  application  of  some  waterproof  envelope  to  the 
iiijured  portion. 

The  experiments  instituted  at  Chatham  with  the  object  of 
applying  the  magneto-electric  current  to  the  ignition  of  submarine 
charges  were  attended  with  greater  difficulties  than  those  which 

served  to  test  the  system  in  its  application  to  land-operations ; 
nevertheless,  the  results  ultimately  attained  were  also  of  a  character 
to  lead  to  definite  and  favourable  conclusions. 

The  method  of  establishing  the  connections  of  a  charge  with 
the  wire  and  the  earth  differed  naturally  in  some  respects  from  the 
mode  of  proceeding  already  described.  The  charges  of  powder  were 
contained  in  canisters  of  block  tin  carefully  soldered  so  as  to  he 
watf'rtiglit.*  The  fuze,  with  two  wires  attached  as  before^  the  one 
a  few  inches  longer  than  the  other,  was  inserted  into  the  charge, 
and  fixed  iu  its  proper  position  in  the  canister  by  means  of  a 

*  Any  \omiU  of  this  material,  such  turpentine  cuns,  may  beemployeii,  provided 
they  be  perfectly  coated  innde  with  marine  glue,  or  aome  other  dtscviption  of 
varnish. 
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loose  fitting  bung  (see  Fig.  9)  pushed  a  little  distance  into  the 

neck,  and  cut  out  on  one  side, 
^'  so  ns  to  admit  of  the  passage 

of  the  longer  insulated  wire, 
while  the  bare  part  of  the 
shorter  wire  was  firmly  pressed 
by  the  cork  against  the  inside 
of  the  neck.  The  latter  was 
then  completely  filled  up  with 
melted  gutta-percha,  and  the 
extremity  of  the  short  un- 
covered wire  was  bent  back 
over  its  side,  so  as  to  be  in 
close  contact  with  the  metal 
surface.  In  this  manner,  the 
enclosed  fuze  was  brought  into 
good  metallic  connection  with 
the  wet  earth,  or  water,  by 
which  the  canister  was  sur- 
rounded. 

The  insulated  wire,  project- 
ing from  the  mouth  of  the 
canister,  was  connected  with 
one  of  the  branch  wires  in  the 
manner  already  described  ;  but 
in  order  thoroughly  to  protect 
the  connection  from  the  water, 
in   which    it   would  become 
immersed,    a    piece    of  vul- 
canized India-rubber  tubing, 
of  suitable  length,  and  a  tin- 
tube,  rather  longer  and  wider 
than  the  latter,  were  slii)ped  on  to  the  branch-wire  before  it  was 
joined  to  the  fuze-wire,  and,  when  the  junction  had  been  effected, 
the  India-rubber  tube  was  pulled  over  it,  and  tied  very  firmly  at 

Kig.  10. 


both  ends  on  to  the  gutta-percha  covering  of  the  wires.    (Fig.  10). 
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A  small  quantity  of  a  cement  (oonainting  of  bees-wax  and  ttir« 
pen  tine)  waa  rabbed  in  between  the  latter  and  the  ends  of  the 
India>rabber  tube,  ao  aa  tbaronghly  to  ensure  the  exclusion  of 
water,  and  finally  the  tin-tube  was  pulled  over  the  jotnt,  and  fixed 
(by  oompresring  the  ends)  for  the  purpose  of  imparting  rigidity 
to  the  junction^  and  thus  protecting  it  from  injury  by  any  sudden 
twist  or  strain.  By  these  arrangements^  when  carried  out  with 
moderate  carCi  the  perfect  exdnsion  of  water  from  the  charge  and 
firom  its  connection  with  the  branch  wire  was  efi^ected. 

The  first  trials  of  these  charges  were  made  in  a  shallow  canal 
with  a  mud  bottom,  and  from  which  at  the  time  of  experiment  the 
water  was  receding  so  rapidly,  that  before  the  whole  ofthe  charpres 
had  been  immersed,  several  of  them  were  expusctl  to  view,  being 
partly  imbedded  in  the  mud.  Twenty-five  charges  were  arranged, 
of  which  thirteen  were  exploded,  thou<:}i  less  rapidly  than  in  the 
experiments  on  land.  On  tlie  next  occasion,  when  twenty-five 
charges  were  entirely  surrounded  by  water  (sinijjly  resting  upon 
tlie  firm  bed  of  a  pond  of  soinc  depth),  only  four  of  the  charges 
were  exploded.  Several  other  attempts  were  made  to  fire  a 
smaller  number  of  (ten  and  five)  charges  similarly  immersed,  but 
in  every  instance  only  four  were  ignite.  A  careful  examination 
into  the  cause  of  the  Invariable  explosion  of  so  comparatively 
limited  a  number  of  chargea  tmder  water^  led  to  the  following 
explanation : 

It  wiU  be  remembered  that  the  explosion  of  numerous  chargea 
in  a  divided  circuit  by  the  magneto-electric  apparatus  with 
revolving  armatures  is  effected  by  the  action  of  an  exceedingly 
rapid  succession  of  currents.  The  rapidity  with  which  theyfi^Uow 
each  other,  however  great,  cannot  equal  that  with  which  the 
terminals  of  a  fuae,  enclosed,  in  a  small  charge,  under  water, 
eome  into  contact  with  the  latter  after  the  explosion.  The  instant 
this  occurs,  a  complete  circuit  is  established  through  the  water, 
and  any  further  action  of  the  current  is  at  once  arrested.  By  the 
time,  therefore,  that  four  charges  had  been  ignited  in  extremely 
rapid  succession,  so  as  to  be  apparently  exploded  at  onee,  a  sulfi- 
cient  interval  of  time  had  in  reality  ela[)8i'd  to  allow  the  water  to 
re-occupy  the  space  filled  for  a  brief  period  by  the  gaseous  pro- 
ducts of  the  first  explosion,  and  thus  to  rush  in  upon,  and  complete 
the  eircuit  with,  the  terminals  of  the  fuze.  It  appears  probable 
that,  with  the  employment  of  larger  charges  of  powder  (about 
eight  ounces  was  the  quantity  exploded  in  each  charge)  when  the 
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Tolame  of  water  displaced  by  the  explosion  would  be  more  con- 
siderable, n  ^refit  nnmbor  of  charges  would  be  exploded  before  the 
circuit  could  be  completed  by  the  water.  No  opportunity  occurred 
during  the  experiments  of  ascertaining  this  by  actual  trial. 

The  instances^  however^  in  which  it  is  indispensably  neceasaiy 
that  a  number  of  charges  should  be  exploded  togetiier^  suspended 
in  water^  or  simply  resting  on  the  ground  below,  and  being  in 
immediate  contact  on  almost  all  sides  with  water,  appear  to  be  of 
exceptional  occurrence.  Submarine  charges  are  generally  so 
arranged  as  to  be  partially  or  completely  surrounded  by  the 
objects  upon  which  the  -force  of  the  exploding  charge  is  to  be 
exerted,  and  tlicy  arc  even  frequently  firmly  fixed  in  their  position 
by  bein":  partly  or  wholly  embedded  in  sand,  mud,  or  some  similar 
material.  In  such  cases,  the  resistance  to  be  overcome  by  the 
explosion  is  greater  than  if,  under  conditions  otherwise  similar, 
the  eharfxes  were  simply  in  diicct  contact  with  the  water,  and 
hence  the  interval  is  increased  which  must  elapse  before  the  water 
can  complete  the  circuit. 

The  results  of  some  experiments  made  at  Chatham  appear  to 
show  that,  under  such  circumstances,  the  number  of  charges  ignited 
at  one  time  by  the  magneto-electric  apparatus  must  be  greater 
than  if  they  were  simply  immersed  in  water.  One  experiment  kaa 
already  been  mentioned^  in  which  thirteen  charges  out  of  twenty- 
five  were  exploded  at  one  time^  ipost  of  them  being  imbedded  in 
mud.  On  another  occasion  ten  charges  were  placed  in  small  pits 
filled  with  water^  the  canisters  being  covered  in  with  mud  beneath 
the  latter.  Nine  of  the  charges  were  fired ;  the  branch  wire  of 
the  tenth  was  accidentally  severed  at  the  moment  of  the  explo- 
sion^ from  its  lying  across  one  of  the  pits. 

A  careful  consideration  of  the  results  furnished  by  these  and 
other  similar  experiments,  on  the  application  of  magneto-elec- 
tricity to  the  explosion  of  charges,  led  to  the  following  conclusions  r 

The  explosion  of  a  single  charge  of  powder  by  means  of  the 
phospliide  of  copper  fuze  and  a  magneto-eleetrie  apparatus  (even 
of  the  smallest  size  generally  manufaetnred)  is  absolutely  certain. 

With  the  employment  of  a  magncto-eleetric  apparatus  similar 
to  that  used  in  the  Chatham  experiments,  and  termed  by  Mr. 
Wheatstoue  the  magnetic  exploder/'  the  ignition  at  one  time, 
of  fuzes  varying  in  number  from  two  to  twenty-five,  is  certain, 
provided  these  fiizes  are  arranged  in  the  branches  of  a  divided 
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curcuit  in  the  mamier  described.  To  attain  ihia  result,  it  in  only 
necessary  to  employ  a  single  wire,  insulated  by  a  coating  of  gutta- 
percha or  India-rubber,  and  simple  metallic!  conneetions  of  the 
apparatos  and  the  charge  with  the  earth.  The  explosion  of  from 
twelve  to  twenty-five  charges  may  be  effected  in  the  above 
manner,  at  a  distance  of  at  least  600  yards  from  the  apparatus, 
with  a  rapidity  which  in  its  results  will  in  all  probability  have  the 
practical  effect  of  a  simultaneous  discharge.  This  statement  lefere 
only  to  charges  on  land.  The  number  of  submarine  charges 
which  can  be  exploded  with  certainty  at  one  time  by  means  of  the 
magnetic  exploder  appears  more  limited;,  but  if  sudi  charges  are 
entirely  or  partially  embedded  in  sand,  mud,  or  other  dense 
materials,  from  two  to  ten  may  be  fired  with  certainty.  By 
the  employment  of  separate  wires,  Icadinj]^  from  the  instrument 
to  eacii  charge,  or  Ijy  adopting  a  rheotomic  arrangement  for 
etfecting  the  discharge,  there  is  little  doubt,  however,  that  the 
results  obtained  with  the  magnetic  exploder  in  submarine  opera- 
tions would  be  quite  equal  to  those  deiinitely  established  in  the 
ignition  of  ch.'\rjj:;es  on  land. 

The  only  precaution  to  wliich  it  -is  necessary  to  attend,  in  order 
to  ensure  uniform  success  in  the  application  of  the  magnet,  are 
the  proper  insulation  throughout  of  the  main  wire  and  branch 
wires  leading  from  the  instrument  to  the  charges,  and  the  thorough 
protection  of  all  conneetions  of  wires  £ram  the  access  of  moisture. 

The  system  of  firing  charges  'by  magneto-electricity  possesses 
important  advantages  over  the  applicatien  of  the  voltaic  battery 
to  that  purpose,  the  prindpal  of  wldch  are  as  follows : 

The  magnetic  exploder  is  at  any  time  ready  for  immediate 
employment;  it  is  easily  transported  by  hand,  being  of  small 
dimensions  and  weight;  it  is  not  liable  to  injury  or  derangement 
provided  the  most  ordinary  care  be  applied  to  its  pieaenmtion  and 
transport ;  it  may  be  employed  for  many  years  without  suffering 
any  important  diminution  of  its  power;  and,  as  all  arrangements 
in  connection  with  the  instrument  are  meclianieal,  any  injury 
which  they  may  sustain  can  be  repaired  by  ordinary  workmen. 

The  niagnct-fuze  is  more  certain  than  any  fuze-arrangement 
applied  with  the  voltaic  batter}*-,  and  as  safe  as  any  .arrangement 
employed  for  igniting  gunpowder  by  friction  or  percussion.  It 
may  be  preserved  for  a  great  length  of  time  in  any  climate^  and 
will  bear  very  rough  treatment  without  chance  of  injury. 

The  implements  and  materials  required  for  carrying  on  opera- 
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tions  with  the  ina;.'nct,  in  addition  to  the  instrument,  the  wire  and 
the  fuzes,  are  very  few  in  immljcr,  inexpensive,  and  easily  replace- 
able ;  tbey  occupy  but  little  space,  and  require  no  more  care  in 
their  transport  than  ordinary  artisan's  tools. 

All  the  operations  necessary  in  the  employment  of  the  magnet 
(the  connection  of  the  fuzes  with  the  instrument^  their  introduction 
into  the  chaiges,  and  the  explosion  of  these)^  are  of  the  simplest 
possible  character,  and  can  therefore  be  performed  by  any  person 
of  ordinary  intelligenoe. 

It  can  be  confidently  affirmed  that  the  general  certainty  of  the 
magneto-electric  arrangement  is  decidedly  greater  than  that  of 
Toltaic  batteries,  and  that  the  necessity  of  ensuring  a  proper 
insulation  of  wires  and  oonneedons,  thongh  it  may  be  regarded  in 
the  light  of  a  difficulty  by  those  accustomed  to  carry  on  operations 
with  the  voltaic  current,  is  in  reality  a  condition  which  may  be 
fulfilled  readily  and  with  certainty  by  the  use  of  very  simple 
means  and  precautions. 

There  is  little  question  that,  with  battery- power  of  great  magni- 
tude, and  with  the  successful  fulfilment  of  the  numerous  indis- 
pcnsa])le  conditions  and  precautious  (which  long  experieuce  has 
shown  to  be  involved  in  considerable  uncertainty),  it  is  possible  to 
fire  at  one  time  a  very  much  larger  number  of  charges  than  those 
which  have  been  quoted  as  the  greatest  task  to  be  accomplished 
with  certainty  by  the  apparatus  proposed  for  general  use.  It  has, 
however,  been  stated  by  high  military  authorities  on  these  subjects, 
that  the  instances  in  which  it  is  required  to  fire  more  than  from 
twelve  to  twenty  charges  at  one  time  are  quite  exceptional,  and 
that  indeed,  twelve  may  be  considered  as  the  greatest  number  of 
charges  which  it  may  be  necessary  to  apply  in  all  general  opera* 
tions. 

In  special  cases,  such  as  the  destruction  of  very  massiYe  woriu, 
where  it  would  be  advantageous  to  apply  the  force  of  exploding 
gunpowder  simultaneously  to  a  very  large  number  of  diflferent 
places,  the  employment  of  arrangements  of  a  special  character  is 

always  admissible.  In  such  circumstances,  there  is  no  question 
that  a  powerful  induction  coil-macliiue,  with  the  employment  of 
very  moderate  battery-power,  and  of  the  new  fuzes,  would  furnish 
with  certainty,  results  of  as  great  a  magnitude  as  could  be  desired, 
and  that  its  use  would  be  less  likely  to  be  attended  with  difiiculties 
than  that  of  the  hydro-clcctric  or  i)hitc  elec  tric  machine. 

For  all  operations  of  a  general  character,  however,  the  results 
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obtaiaed  up  to  the  present  time,  have  satisfactorily  proved  that 
the  system  of  expioding  charges,  in  tlie  form  of  mines,  for  the 
simultaneous  or  regularly  successiye  discharge  of  guns  at  a  con- 
siderable distance,  or  for  any  similar  pur^iosej  by  a  magneto- 
electric  current  is,  in  point  of  certainty  and  simplicity,  superior  to 
any  other  which  has  hitherto  received  application. 


XVI. — On  the  Compontion  of  a  Carbonaceous  Substance  emsttng  m 

Grey  Cast  Iron* 


By  ¥.  CaACJi  Caltsrt,  ir.B.S.,  F.C.S. 


Having  often  noticed  that  the  quantity  of  carbonaceous  mass  left 
in  the  vessels  in  which  grey  cast  iron  was  dissolved,  varied  with  the 
concentration  of  the  acid  used,  I  began  in  September,  1868,  a 
series  of  experiments  on  the  action  of  very  weak  adds  on  cast  iron, 
in  the  hope  of  obtaining  a  quantity  of  the  so-called  graphite  which 
it  contains,  and  I  believe  that  I  have  arrived  at  results  which 
throw  much  light  upon  the  chemical  composition  of  this  substance, 
proving  it  to  be  composed  of  iron,  carbon,  nitrogen,  aud  silicium. 
This  substance  occupies  exactly  the  same  volume  as  the  cast  iron 
from  which  it  is  obtained,  aud  is  sufficiently  soft  to  be  easily 
penetrated  by  a  blade.  I  shall  now  describe  the  method  of 
experimenting. 

Cubes,  of  one  centimetre  in  dimension,  of  Staffordshire  cold- 
blast  cast  iron  were  placed  in  corked  bottles  with  eighty  times  their 
volume  of  the  following  weak  acid  solutions 


Sulphuric  acid,  1  alkalimeter 
Nitric  „     1  „ 

Hydrochloric      1  „ 


>,      NO,  „ 

HCl 

Acetic         „     1        „       3     12-75  CJI3O3  !^ 


10     grains  of  SO3  anhydrous. 


Oxalic  „  1 
Tartaric  1 
Gallic  1 


13-5 

'2' 

9-12 

•s 

12-75 

8 

9-00 

3300 

^1000 

„        C203  ,, 


ciyst*  acid. 
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The  foregoing  figures  represent  the  equivalent  quantity  of 
aDhydrous  aeid  as  compared  with  10  grains  of  anhydrous 
sulphuric  acid  per  alkalimcter. 

Besides  the  above,  phosphoric,  carbonic^  oleic  acid,  tannin^  and 
acid  peat-vrater  were  also  used. 

After  three  months  of  contact,  I  found  that,  although  the 
external  appearance  of  the  cubes  was  net  changed  in  any  of  the 
Tessels,  still  those  in  contact  with  the  weak  sulphuric,  hydrochloric^ 
and  acetic  acid  solutions,  especially  the  latter^  had  hecome  so  soft 
externally  that  the  blade  could  penetrate  three  or  four  millimetreB 
into  the  cubes.  I,  therefore,  removed  the  solutions  f^m  the 
yeseels  and  replaced  them  by  an  equal  bulk  of  each  weak  add 
solution,  and  continued  to  do  so  every  month  for  two  years* 

I  thenfound  that  the  cubes  in  contact  with  the  acetic  acid  ceased 
to  yield  iron  to  the  acid,  although  they  were  still  of  the 
original  sife;  they  had,  therefore,  become  transformed  into  the 
carbonaceous  substance  before  mentioned.    These  arc  the  results 


of  the  action  of  the  var 
cubes  of  grey  cast  iron, 

Acetic  acid  . 
Hydrochloric  add 
Stdphnric  add 
Nitric  add  . 
Phosphoric  add 
Oxalic  add  • 
Tartaric  add . 
Tannin . 
Carbonic  acid 
Gallic  acid 
Oleic  acid 
Add  peat- water 


ous  weak  acid  bolutions,  on  the  centimetre 
alter  two  years  : — 

Complete. 
Nearly  complete. 
Ditto  ditto. 

Action  less  complete  than  above. 
No  similar  action. 
Ditta 
Ditto. 

Very  slight  action. 

Ditto. 
Ditto. 

Ditto. 

No  similar  action. 


The  action  of  acetic  add  on  grey  cast  iron  is  most  interesting ; 
for  instead  of  ceasing  when  saturated  with  oxide  of  iron,  as  i.s  the 
case  with  other  acids,  its  action  is  coutiimous,  if  the  precaution  ia 
taken  to  close  the  mouth  of  the  vessel  with  an  ordinary  cork. 
Thus  I  have  had  cubes  of  cast  iron  in  contact  with  the  same 
quantity  of  acetic  acid  for  two  years,  and  the  chemical  action  still 
existed  when  the  contents  of  the  bottles  were  examined.  This 
action  of  acetic  acid  appears,  therefore^  to  be  analogous  to  that 
which  it  has  on  lead. 
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To  examine  the  chemical  composition  of  the  cubes  transformed 
by  the  action  of  acetic  acid,  they  were  reduced  to  fine  powder  in 
an  agate  mortar,  and  well  washed  with  boiled  water  slightly 
acidulated  with  acetic  acid.  The  powder  was  then  dried  at 
115°  C,  in  a  dry  atmosphere  of  carbonic  acid  or  hydrogen, 
accordinnr  to  the  nature  of  the  body  to  be  determined  in  the  mass. 
The  carbonaceous  substance  so  prepared  presented  the  following 
properties  and  composition  : — 

The  cubes  of  grey  cast  iron,  which  originally  weighed  15'd24 
grammes  weighed  only  3 '489  at  the  end  of  the  two  years,  and  thdr 
specific  gravity  was  reduced  from  7*858  to  2'751.  Their  oom« 
pontum  was  as  follows 


Coispoeilton  of  the 

Composition  of  the 

or^nal  cubes. 

carbonaceous  substance. 

Iron    .  • 

95- 113 

•    •  79-9G0 

Carbon  • 

2-900 

11-020 

Nitrog:on  * 

0-790 

2-590 

Silicium  • 

om 

6070 

Phosphorus . 

0132 

0059 

Sulphur  • 

0179 

0096 

Lost  • 

0*108 

0-205 

» 

100  000 

100-000 

These  results  lead  to  the  following  remarks : — 

Nitrogpn. — That  the  largest  part  of  the  nitrogen  originally 
existing  in  tlie  cast  iron  remains  in  tlie  grapliitoid  su])stance,  and 
only  a  small  portion  is  transformed  into  ammonia.  These  facts 
tend  to  prove  that  the  nitrogen  of  cast  iron  exists  in  it  under  two 
states^  namely,  that  one  portion  is  combined  with  the  carbon,  whilst 
the  other  is  in,  a  condition  to  unite  with  the  hydrogen  liberated 
firom  the  water,  and  thus  to  form  ammonia.  This  method  of  ascer- 
tsining  the  amount  of  nitrogen  in  cast  iron,  by  determinins;  the 
quantity  of  nitrogen  in  the  state  of  ammonisy  and  that  existing  in 
the  carbonaoeons  mass,  appears  to  be  the  best  process  known,  for 
I  obtained  0*790  from  the  same  east  iron  whidh  only  yielded  me 
0*100  by  the  process  lately  published  by  M.  Fremy.  For 
ordinaiy  analyses  of  cast  iron,  the  slow  action  of  acetic  add 
may  be  advantageously  replaced  by  that  of  hydrochloric  acid, 
taking  cave  to  nse  freshly  distilled  add,  water  free  from 
ammonia^  and  placing  the  whole  in  ft  flask  provided  with  coik 
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and  tube^  so  as  to  exclude  the  possibility  of  tlie  ammciiift  eziiting 
in  the  atmosphere  from  interfering  with  the  esperiment.  By  this 
means  tlic  amount  of  nitrogen  existing  in  cait  iion  ean  be  easily 

and  speedily  ascertained. 

Silicium. — I  have  ascertained  by  diieot  eipertments  that  it  ia 
bilicium,  and  not  silica,  that  enten  into  the  oompoation  of  the 
carbonaceous  mass.  Amongst  other  experiments  I  may  state  that 
I  took  5*96  grains  of  the  carbonaceous  suSstance  dried  at  115^  C. 
in  a  current  of  carbonic  acid^  and  after  having  placed  it  in  a  small 
platinum  dish,  tlie  whole  was  introduced  into  a  porcelain  tube,  and 
submitted  for  several  hours  at  a  red  heat  to  a  current  of  pure  and 
dry  oxygen.  I  then  found  that  the  5'9G  grains  had  increased  to 
7*39  grains,  or  nearly  the  theoretical  amount :  for  5*96  grains  of 
substance  would  lose  0'664  of  carbon^  and  the  remaining  0'338  of 
silicium  would  become  0*718  of  silica^  whilst  the  4'692  of  iron 
would  become  6*702  of  peroxide  of  xron^  or  both  added  together 
7'420,  being  within  0*13  grain  of  the  weight  actually  found.  Now, 
if  the  iron  in  the  mass  had  been  in  the  state  of  protoxide,  and  the 
silicium  in  the  state  of  silica,  the  5'96  grains  employed  would, 
after  the  loss  of  carbon,  have  decreased  to  5*551  grains,  leaving, 
therefore,  no  doubt  that  the  carbonaceous  substance  contained 
metullic  iron  and  silicium.  Finding,  however,  t]i;it  thu  quantity 
of  silicium  in  the  carbonaceous  substance,  thoiif^'h  hi^b,  did  not 
represent  the  whole  of  the  silicium  coutaiiicd  in  the  cast  iron 
employed,  I  passed  the  hydrogen  liberated  by  the  action  of  weak 
acids  on  east  iron  tlirou'^h  fuming  nitric  acid,  and  found,  on  the 
evaporation  of  this  aeid,  a  white  deposit  of  silica.  All  acids  which 
give  off  liydrop^en  when  in  contact  with  cast  iron,  also  give  rise  to 
the  gcis  diseoven  d  by  \Vuhl  er,  namely,  silicidc  of  hydrogen. 

Carbon. —  Like  silicium,  the  quimtity  of  carbon  found  in  the 
carbonaceous  conipouud  docs  uot  represent  the  whole  of  the  carbon 
pre-existing  in  the  cast  iron  employed,  as  carburctted  hydrogens 
are  given  <;ir  during  the  slow  action  of  acetic  aeid  on  cast  iron.* 

Iron. —  As  sliowu  by  the  above  analysis,  the  carbonaceous  com- 
pound  contains  rD  DGO  of  metallic  iron,  even  when  the  acetic  acid 
lia^  cc  as(  (1  to  act  upon  it.  I  have  made  several  experiments  to  satisfy 
my  mind  tluit  the  ciirljouueeous  ma«s  contains  metallic  iron,  and 
not  oxide  of  iron.    Thus,  I  passed  hydrogen,  at  a  dull-red  heat, 

*  I  am  uo»-  engaged  in  preparing  a  suilicicnt  quantity  of  Ikese  hjdrocatbOBS  lo 
enable  me  to  snVmift  them  to  a  esreful  exaadnatien. 
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over  some  of  the  cubonaceoiu  snbstance  ptenmdj  dried  at  1150^ 
and  obtained  no  water,  and  the  experiment  related  under  the 
head  of  silidnm  confirma  this  oondltuion.  All  grey  cast  irona 
appear  to  yield  the  same  relatiye  proportions  of  carbon  and  iron; 
but  as  cast  iron  becomes  harder  and  whiter,  the  amotmt  of  carbon 
decreases,  and,  in  fact^  nearly  disappears  in  Welsh  white  cinder 
iron,  being  replaced  by  siliciuni.  The  rehitive  amount  of  car))on 
and  iron  in  the  carbonaceous  substance  corresponds  to  4C 
and  6Fe,  or  arc  the  same  that  I  have  found  in  some  cast  iron 
which  had  been  saturated  with  carbon,  by  melting  No.  1  cast  iron 
in  presence  of  a  large  excess  of  coke  on  a  cupola,  and  called  techni- 
cally "  keechy." 

I  do  not,  however,  believe  that  the  carbonaceous  substance 
obtained  by  me  ia  simply  composed  of  4C  and  6Fe,  but  that  the 
nitrogen  and  silicium  fonnd  in  it  must  likewise  enter  into  its  com- 
poettion.  But,  in  the  present  state  of  my  researches,  it  would  be 
premature  to  attempt  to  assign  any  definite  eompositiou  to  this 
substance.  As  I  am,  however,  still  pursuing  the  subject^  I  shall 
be  happy,  if  I  arrive  at  any  conduaion,  to  communicate  the  same 
to  the  Society. 

^hen  iheffr^hUoid  snbstanee  prepared  by  the  above  prooessj 
ia  exposed  to  the  atmosphere,  it  absorbs  oxygen  with  wgidity, 
and  the  temperature  of  the  mass  rises  rapidly,  protoxide  of  ivon 
being  first  formed,  which  is  converted  into  sesqui-oxide;  bat 
when  this  mass  is  pkced  in  distilled  water,  a  chemieal  action  ensues 
similar  to  that  described  by  M.  Kuhlmann,  namely,  a  portion 
of  the  carbon  is  converted  into  carbonic  acid  by  the  oxygen  of  the 
sesqui-oxidc  of  iron,  and  the  carbonic  acid  thus  produced  unites 
with  protoxide  of  iron  to  form  carbonate  of  protoxide  of  iron. 
The  atmospheric  action  on  tlie  carbonaceous  substance  above 
described  explains  the  diflcrcnce  of  com})Osition  which  I  have 
found  to  exist  between  the  body  obtained  by  mc,  and  that  of  a 
soft  f^rapliitoid  mass  which  was  found  to  replace  a  mass  of  iron 
buried  for  many  years  amongst  coal  cinders,  and  which  had  the 
following  composition: — 
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Peroxide  of  iron .       •       •       •       •  66*61 

Carbon   1203 

Silica   1813 

Sulphur   0-79 

PhosphoroB       •      •      •      •      •  traces 

Lime   2*14 


99-70 

Nitrogen  was  also  present,  but  its  amount  was  not  determined, 
I  am  aware  that  the  latter  curious  and  interesting  change  in. 
cast  iron  has  been  several  times  noticed.  Thus,  Dr.  Henry 
published  a  short  notice  on  this  subject  in  the  Annals  of 
Philosophy."  Mr.  R.  Mallet  also  described  a  similar  subatancein 
the  "Transactions  of  the  British  Association."  Mr.  Warington 
litts  also  noticed  the  conversion  of  cast  iron  into  a  soft  black  sub- 
stance which  oceorred  in  a  brewery  where  it  was  in  contact 
with  soor  beer.  Lastiy,  Mr.  E.  W*  Binney  zecordsy  in  the 
11th  Tolame  of  the  ''Memoirs  of  the  Manchester  Fhiloeophical 
Society/'  a  description  of  a  similar  substance  found  by  him  at 
the  emptying  of  a  deep  coal-pit^  in  which  the  cast  iron  had 
remained  submerged  for  a  few  years^  and  which  yidded  to 
Br.  Angus  Smith  the  following  composition 

Iron  and  bases      .      •      •  88*8 

Carbon  40*0 

Silica  19*7 


98-5 

In  conclusion,  the  conversion  of  the  guns  of  the  "Royal 
George/'  at  Spithead,  is  so  well  known,  that  I  merely  refer  to  it 
to  express  the  same  opinion  as  Mr.  Binney, — ^that  it  strongly 
behoves  those  who  have  charge  of  lighthouses^  now  so  often  erected 
in  the  sea  upon  cast-iron  pillars^  to  carefully  and  frequently  inspect 
such  structures,  for  day  by  day  thdir  support  must  be  weakened 
by  the  action  of  the  salt-water.  (See  Mem<nrs  of  Manchester 
Philosophical  Society^  Vol.  II.,  page  28.) 
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XVIL— On  Ike  Bromide  ef  Cerhwe. 
Bt  Arthub  E,  "W.  Lsmnoz. 

The  compounds  of  carbon  with  bromine  have  as  yet  received  but 
Umitcd  attention.  The  tetrabromide  of  carbon — CBr^  of  the 
methyl  aeries — is  altogether  unknown.  Kolbe  failed  in  obtaining 
this  oompound  by  submitting  disulphide  of  carbon^  at  a  high 
tenHperatiire,  to  the  action  of  bromine ;  and  I  learn  from  Dr.  Hof- 
mann,  that  the  action  of  pentabromide  of  antimony  on  the  disol- 
phide  gives  no  better  residt.  The  bromide  of  oarbon  C^Br^  baa 
been  obtained  by  Lee  wig*,  who  procured  this  substance  1^  the 
action  of  bromine  on  alcohol  or  on  etiher,  when  it  is  formed  accords 
ing  to  the  eqnation»— 

C^IIeO  +  4  Br,  CaBr4  +  4IIBr  +  II^O. 
C^H^O  +  8Br,  «  2Cs6r«  +  SUBr  +  H^O. 

These  processes  appear,  however,  to  be  attended  with  difficnltiea. 
At  all  events,  Yolckelfj  who  repeated  Loswig'a  experiments, 
&iled  in  obtaining  the  snbstance  described  by  that  chemist. 

A  simpler  method  for  obtaining  this  bromide  of  carbon  i^peared 
to  present  itself  in  the  peifect  nibatitatkm  of  bromine  to  the 
hydrogen  of  dbfiant  gas. 

The  brominated  derivatives  of  ethylene  have  been  chiefly 
examined  by  Regnault  and  by  Cahours,  and,  more  recently,  by 
Wui  tz  aud  by  Sawitch.  The  following  terms  have  been 
obtained  :— 

Dibromide  of  ethylene    .      •      •      «  C9H4Bry 
Dibromide  of  mcnobrominated  ethylene  .  €3(1X331)  Br^. 
Dibromide  of  dibrominated  ethylene       •  C2(H3Br3)Br2. 
Dibromide  of  tribromiuated  ethylene       .  C2(HBr3)Br2. 
Monobrominated  ethylene      •      •       •  C2H3Br. 
Dibromated  ethylene     •      •      •      •  CgUsBr^ 

•  A]in.ai.i1iMnL,ia«m  tIUd.,xU,U9. 
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It  thus  appears  that  the  whole  scries  has  been  obtained,  with  the 
exception  of  the  tctrabrominated  ethylene^  which  would  be  the 
bromide  of  carbon  obtained  by  LcBwig  in  the  reaction  above  indi* 
cated. 

Of  the  brominated  deriTatiTcs  of  ethylene^  dibromide  of  ethy- 
lene, monobrominated  ethylene  (bromide  of  vinyl),  and  dibromide 
of  monobrominated  ethylene,  have  as  yet  been  best  inveatigated. 
In  re-examining  these  substances,  in  transforming  dibromide  of 
ethjienc^  by  the  action  of  an  alodiolio  solution  of  potash*  into 
monobrominated  ethylene,  and  the  latter^  by  treatment  with 
bromine^  into  the  corresponding;  dibromide,  I  had  an  opportunity 
of  tracing,  step  by  step,  the  observations  of  my  pretlecosBors. 

The  action  of  uu  alcoholic  solution  of  potash  upon  the  dibro- 
mide of  monobrominated  ethylene  yields,  together  with  secondary 
products,  a  comparatively  small  qnantity  of  the  oily  conipouiid 
CjH^Brj,  which  is  still  further  diminished  by  the  extraordinary 
property  exhibited  by  this  substance  of  undcr;j;oing  a  molecular 
transformation  similar  to  that  of  dichloriiuited  ethylene,  as  observed 
by  Regnault,*  and  of  monobrominated  ethylene,  more  recently 
examined  by  Dr.  Ilofmann.f  Dibrominatcd  ethylene  having 
been  lately  the  subject  of  a  more  minute  iuTCStigation  by 
*  M.  Sawitc]i,tl  have  not, entered  upon  a  more  dose  examination 
of  this  body,  but  have  at  once,  by  the  renewed  action  of  bromiiM^ 
OQBurerted  it  into  the 

Dibromide  of  IMttmdmted  Ethylene, 

Bromine  attacks  the  dibiominated  ethylene  with  the  gwmtoit 
energy,  heat  is  evolyed,  and  the  bromine  disappears.  When  the 
Ijfonine  waa  no  longer  fixed,  the  orange-yellow  liquid  was  treated 
with  %  weak  solution  of  potash,  washed  with  water,  and  ultimately 
distilled  with  precaution.  It  boils  at  about  200°  C.,  but  not  with- 
out partial  decomposition,  white  fumes  containing  hydrobromic 
acid  being  given  off  during  ebullition,  which  powerfully  and  per- 
sistently attacked  the  eyes. 

The  bromine-compound  is  insoluble  in  water,  but  dissolves  readily 
in  alcohol  and  in  ether;  when  exposed  to  a  freezing  mixture  it 
solidifies  to  a  white  crystalline  mass.  As  it  was  found  impossible 
to  purify  this  substance  for  analysis  by  distillation,  a  current  of 

•  Ann.  Ch.  Phys.  [2.]  Ixix,  151. 

t  Cliom.  Soc.  Qn.  J.,  xiii,  fS. 

I  bulUUa  de  la  Soci6t6  Chimiiioe  d«  Paris,  1861,  p.  7. 
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perfectly  dry  carbonic  ncid  gas  was  passed  through  the  liquid 
heated  in  a  water-bath  to  about  75°  C.  After  a  time  it  assumed  a 
lighter  colour,  and  no  longer  gave  off  hydrobromic  acid. 

04-7 '0  grm.  of  substance  burnt  with  lime  gave  1*016  grm.  of 
bromide  of  silver. 

The  formula. 

C^lIaBr^ 
requires  the  folio  wing  values.* 

Theoiy.  Experimeni. 

Hij  »•  2««  ff  jf 

Jir^     . .  320    . .    92-40  . .  9197 
34G 

Tribrominaied  Ethylene, 

The  dibromide  pieTioiuly  described  is  powerfully  acted  upon  by 
an  alcoholic  solution  of  potash : 

CaHjBr^  +  KHO  =  CgHBr,  +  KBr  +  HjO. 

Addition  of  water  to  the  alcoholic  solution  precipitates  the 
tribrominaied  ethylene  as  an  oily  substance,  boiling  at  180^ 
which,  by  digestion  over  chloride  of  calcium  and  subsequent 
careful  distillation,  may  be  obtained  sufficiently  pure  for  analysis. 

0-842  grm.  of  substance  burnt  with  lime,  furnished  0*726  of 
bromide  of  silver. 

The  fbrmuli^ 

C3HBr3  requires. 


Theoiy. 

Xxporimeat 

24 

H 

1 

Br3 

240 

.  90^^6 

90-32 

265 

Tribrominated  ethylene,  like  the  other  substitution-product  of 
ethylene,  is  apt  to  fbmish  an. isomeric  solid,  which  is  readily 
soluble  in  alcohol  and  in  ether,  from  which  it  crystallises  in  colour- 
less plates.  On  slowly  evaporating  a  solution  of  the  oily  modifi* 
cation  in  alcohol  or  ether,  the  crystalline  solid  is  likewise  ' 
obtained. 

*  n  »  1;  0  -  16;  C  -  12;  Br.  -  80. 
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I)^ramide  qf  THbromifutied  Eikylene. 

To  obtain  this  oomponndy  tribromiiiated  ethylene  was  intro* 
dnced  into  a  retort,  and  oantioiuly  disfeUled  into  a  receiver  con- 
taining bromine.  Combination  took  place  with  oonaiderable 
evolution  of  heat.  The  orange-yellow  liquid  thns  prodnoed  waa 
washed  with  weak  potash,  and  ultimately  with  water.  Thus 
purified,  tins  bromine-oompound  is  a  yellowish  red  oil,  solnbie  in 
alcohol  and  ether,  and  solidifying  when  exposed  to  a  frigorifie 
mixture.  I  have  not  succeeded  in  preparing  this  substance  in  a 
state  of  sufficient  purity  for  analysis ;  but  its  nature  is  sufficiently 
established  by  the  facility  with  which  it  is  transformed  into 
tetrHhroiiiiuatcd  ethylene,  or  bromide  of  carbon,  by  the  action  of 
alcoholic  solution  of  potash. 

Addition  of  water  to  the  alcoholic  solution  precipitates  this  com- 
pound as  an  oily  liquid,  which,  when  slowly  deposited  by  spon- 
taneous evaporation  from  its  solution  in  alcohol  or  ether,  separates 
in  l)o;iutiful  crystalline  plates  of  an  agreeable  aromatic  odour  and 
burning  taste  :  one  or  two  crystallisations  render  it  perfectly  pure. 
It  is  heavier  than  water;  fuses  at  50"  sublimes  at  a  higher 
temperature ;  and  is  not  attacked  by  the  mineral  acids.  These 
properties  identify  this  compound  with  the  bromide  of  carbon 
which  Lob  wig  obtained  by  the  action  of  bromine  upon  alcohol 
and  upon  ether.  For  analysis  it  was  dried  over  sulphuric  add  in 
▼aeuo,  and  has  fnnushed  the  following  results. 

0'315  grm.  of  substance  burnt  with  a  mixture  of  oxide  of 
copper  and  ehromate  of  lead  gaye  0*078  carbonic  acid. 

0*176  grm.  of  substance  burnt  with  lime  gave  0*830  grm.  of 
bromide  of  silTer, 

The  formula, 

requires  the  following  values. 

Tbeoiy.  Ssepeffnaiit' 

c«    24  6-98    ..  em 

Br«   820  98-02      /.  92B7- 

844 

The  tetrabxominated  ethylene  is  generated  by  the  action  of 
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an  alcoholic  solution  of  potash  upon  the  dibromide  of  tribromi* 
naied  ethylene^  according  to  the  following  equation : 

CaHBrj  -f  KIIO  =  C^Br^  +  KBr  +  H^O. 

The  experiments  whieli  form  the  Bobject  of  this  note  were  peri* 
fanned  in  the  Inboraftcucy  of  I>r.  Hofmann« 


XVIII. —  On  the  Power  ascribed  to  the  Roots  of  Plants  of  rejecting 
Poisonous  or  Abnormal  Substances  presented  to  them. 

By  Charles  Daubeny,  F.K.S.,  M.RIA.,  Foreign  Asso- 

'date  of  the  Royal  Academy  of  Munich^  &c.,  and  Professor  of 
Botany,  Oxford. 

BEroRB  reporting  to  the  Society  the  results  of  a  few  experiments 
which  I  haye  lately  made  on  the  subject  of  the  absorption  of 
mineral  bodies  by  the  roots  of  plantsi  it  may  not  be  amiss  fbr  me 

to  enter  into  some  general  account  of  the  state  of  our  knowledge 
relative  to  the  subject  referred  to,  including  a  brief  notice  of  the 
experiments  tending  to  elucidate  it,  which  have  been  already 
communicated  to  the  public  by  myself  and  others. 

I  may  in  the  first  place  remind  you,  that,  with  regard  to  the 
functions  of  the  roots^  two  opposite  views  have  been  entertained : 
the  one,  that  they  consist  simply  of  a  system  of  cells,  surrounded 
by  membrane,  which  possesses  no  peculiar  properties,  but  is  capable, 
by  virtue  of  cndosmosc,  of  absorbing  any  fluid  that  happens  to  lie 
in  contact  with  their  external  surfaces,  and,  by  the  force  of  capil- 
larity^  of  transmitting  the  same  afterwards  to  the  parts  above : 
the  other,  that  as  vital  organs,  they  are  endowed  with  a  certain 
power,  which  seems  to  us  analogous  to  selection,  or,  at  least, 
answers  the  same  purpose ;  in  consequence  of  which  they  abstract 
from  the  fluid  presented  to  them  those  principles  which  are 
required  fiur  the  general  uses  of  their  own  economy  and  that  of 
the  plant  in  general. 

The  former,  doubtless,  is  the  more  readily  intelligihle  hypo« 
thesis,  and  is  one  in  support  of  which  many  facts  may  be  alleged. 
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Saussure,  for  instancCi  found,  that  when  the  roots  of  a  water- 
plantj  such  as  the  Bolyg&mm  Persiearia,  were  unmersed  in  water 
containing  equal  quantities  of  various  saline  and  other  soluble 
bodies^  the  latter  were  alMorbed,  not  in  the  ratio  of  their  respectiTe 
fitness  for  supplying  tlic  wants  of  the  system,  but  in  proportion  to 
the  fiualitj  with  which  the  solution  was  capable  of  entering  the 
spongiolesy  and  of  flowing  through  the  tissues  of  the  plant. 

GKiin  and  huiuus»  toot  instanoe^^being  Tiscidi  entered  the  spongioles 
in  much  smaller  quantitji'  than  Tarious  sdine  bodies  did^  which 
might  be  regarded  as  less  needed  hj  the  plant  which  absorbed 
them. 

But,  of  all  those  tried^  no  one  was  taken  up  in  sndi  large 

quantities  as  sulphate  of  copper ;  a  circumstance  whibh  may  bo 

attributed  to  the  poisonous  and  corrosive  quality  of  this  substance, 

owing  to  which  the  texture  of  the  cells  became  disorganized,  and 
the  entrance  of  the  sulutioii  intu  the  vegetable  texture  took  place 
as  freely,  perhaps,  as  if  the  parts  had  been  actually  severed 
asunder. 

These  statements  of  Saussure  were  confirmed  by  Sir  Humphry 
Davy,  who,  in  his  "Agricultural  Chemistry,"  pointed  out,  that 
saline  solutions  are  absorbed  more  readily  when  in  a  diluted 
state  than  when  concentrated. 

Later  experimentalists  have  even  gone  so  far  as  to  contend,  that, 
with  the  exception  of  such  salts  as  those  of  copper,  which  destroy 
ihe  texture  of  the  roots,  all  solutions  are  ab?or})cd  with  equal 
readiness*  Such  was  the  conclusion  arrived  at  by  Dr.  Lindley, 
firom  researches  of  his  own,  which  are  detailed  in  vol.  xviii  of  the 
Annals  of  Natural  History.'' 

The  experiments  of  Boucherie  have  also  been  appealed  to,  as 
affording  an  argument  from  analogy  in  support  of  this  same  Yiew. 
In  these,  openings  were  made  in  the  lower  part  of  the  trunks  of 
Tarious  trees  by  sawing  out  a  portion  of  the  wood,  and  a  water- 
proof bag  was  placed  round  the  severed  portion,  so  that  a  saline 
solution  might  be  introduced,  which  was  rapidly  absorbed  by  the 
tree,  of  whatever  nature  it  might  be.f  Through  this  device, 
wood  became  impregnated  with  Tarious  metallic  salts,  by  which 
its  hardness  and  durability  are  augmented  in  a  remarkable  degree. 

Similar  experiments  have  been  instituted  by  Mr.  Hyett,  of 

*  The  late  resoarchcs  of  the  Master  o(  the  Mint  on  flndoBBOia  may  MlTe  to 

explain  this,  on  Hie  ]irinciplc  that  gclatinoiia  bodi^ da  not  pf^W  tfimigh  *»^inhHmtf. 
t  Axmalca  dc  CLoicie,  vol.  \xxir,  p.  113. 
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Paiiunnck  House,  near  Qkmoester,  the  results  of  which  are  pwesk 
in  yol.viii  of  the  ^'Tranaactioiia  oi  the  Highland  Soeietj^''  pub- 
Ikhed  in  1848. 

The  same  inferenoe  baa  been  deduced  from  obaervations 
made  aa  to  the  influence  exerted  upon  the  oonatititlion  of  a  plant 
by  the  quality  of  the  soil,  or  by  the  natote  of  the  ingredients 
present  in  it  which  are  submitted  to  its  roots. 

This  infhience  iras  shown  by  the  experiments  of  Saussnre, 
where  a  fu%  which  had  grown  at  Mont  Breren  onadolomiticrocki 
was  proved,  when  burnt,  to  contain,  in  its  ashes,  a  certain  per^ 
centage  of  magnesia ;  whilst  the  same  species  from  Mont  la  Salle,  a 
granitic  rock,  was  destitute  of  magnesia,  but  possessed  an  equiva- 
lent increase  in  the  lime  aud  potassa  belonging  to  it ;  and  likewise 
from  those  of  BertLier,  showing,  tliat  the  ashes  of  a  fir  which  had 
grown  in  Norway,  yielded  only  1G  8  per  cent,  of  alkalies,  29*6  of 
lime,  and  3  3  of  magnesia,  whereas  the  same  kind  of  timber  from 
Allev  ard,  in  rauce^  afforded  ^'7  of  alkali,  13'6  of  lime,  and  4'35 
of  magnesia. 

Such  are  the  principal  facts  that  may  be  appealed  to  in  support 
of  the  hypothesis,  that  roots  are  merely  passive  instruments, 
which  take  up  whate?er  is  presented  to  them  without  seieotion  or 

prcforenoe. 

It  must,  however,  on  the  other  hand^  be  observed,  that  the  pro- 
pertiee  of  endosmose,  capiUarity;,  and  the  like,  to  which  the' absorp- 
tion of  saline  flnida  by  the  roots,  and  their  transndssion  through 
tiie  stem,  may  be  attributed,  axe  oonunan  to  all  tissues  sim&hudy 
constitatod,  whether  dead  or  living;  and  that  the  eo-exiitenoe  of 
other  properties  more  especially  vitel,  is  by  no  means  eiclnded 
by  their  presence. 

It  is  just  the  same,  indeed,  with  the  animal  kingdom.  No  end 
doubts,  that  the  living  organism  of  animals  is  amenable  to  the 
common  laws  of  matter,  however  much  the  latter  may  be  oontro]]ed» 
and  masked,  as  it  were,  by  the  forces  of  life. 

That  in  the  case  of  the  spongioles  also,  similar  functions  de* 
pendent  upon  vitality  must  be  assumed  to  be  superadded  to  those 
common  to  matter  generally,  may  be  argued  from  the  fact,  that 
the  power  of  substituting  one  ingredient  for  another  is  at  any  rate 
circumscribed  within  very  narrow  limits. 

The  most  trustwortliy  experiments  hitherto  made  appear  to 
show:  Ist.  That  it  is  impossible  to  replace  any  of  the  bases  or 
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acids  which  usually  enter  into  the  composition  of  the  vegetable  by 
any  other  of  the  same  series  which  are  not  usually  present : 
Sridly,  That  even  those  bases  which  are  capable,  to  a  certain 
extent,  of  replaciug  each  other,  camiot  do  so  indefinitely :  and, 
Sfdly,  That  much  of  the  difierence  in  compontion  whifih  has  been 
remarked  as  existing  between  plants  of  the  tame  apeciea,  growing 
in  different  soils,  or  manured  in  vuioiia  w«jB,  may  be  accounted 
for  by  the  predominanoe  of  one  or  other  of  its  proximate  principles 
in  the  aewal  aamplea  aubmitted  to  examination. 

Thua  wheat  coltivated  in  one  soil^  may  contain  more-giateii  and 
leaa  starch  than  in  another,  and  hence  the  chemical  oonatatntioa 
of  the  grain  must  in  each  instance  necessarily  vaiy  • 

In  support  of  these  positions,  I  will  appeal  to  some  expenmeats 
of  my  own  already  published,  as  well  as  to  tiiose  of  others;  and  1 
will  also  allude  to  certain  facts  of  general  notoriety  which  aeem  to 
me  to  point  in  the  same  direction. 

In  the  Transactions  of  the  Linniean  Society,  vol.  xvn,  pub- 
lished in  1835,  I  showed,  that  plants  watered  with  a  solution  of 
nitrate  of  strontia,  and  seeds  sown  in  soils  containing  the  sul- 
phate of  the  same  earth,  never  appeared  to.  absorb  any  portion  of 
this  base :  for  it  could  not  be  detected  in  their  stems,  leaves,  or 
flowers,  and  only  in  the  minutest  quantity  in,  or  attached  to, 
their  roots. 

In  relating;  these  experiments,  I  took  the  opportunity  of  alhidiug 
to  an  analogous  result  obtained  by  myself  with  reference  to  the 
animal  jkingdom,  where  hens,  allowed  access,  during  the  breeding 
season,  to  sulphate  of  strontiay  but  to  no  other  earth,  laid  eggs 
with  soft  shells. 

I  may  also  appeal  to  the  notorious  fact,  that  no  acid  can  replace 
tiie  phosphoric  in  the  vegetable  organism ;  a  principle  upon  which 
the  entire  theory  of  scientific  agriculture,  as  expounded  by  Liebig 
and  others,  seems  to  be  based*  Were  this  not  the  case,  the  neoes* 
mty  of  supplying,  from  time  to  time,  the  mineral  phosphatea,  aa 
fast  as  they  are  drawn  off  by  snocessive  crops,  might  be  super, 
seded  by  other  expedients.  Some  interesting  experiments,  bearing 
upon  ^is  subject,  are  reported  on  the  authority  of  the  Prince 
of  Salm  Horstmar,  in  the  Annales  de  Chimie,  for  1850, 
ToL  xxzin.  The  Prince  moulded  some  Httle  wax  vessels,  in  height 
about  2^  inches,  and  in  diameter  1  inch,  and  filled  each  of  them 
either  with  pure  sand,  or  with  powdered  rock-crystal  which  had 
been  previously  calcined.    Into  these  vessels  were  introduced  a 
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idw  grains  of  oats,  and  along  vith  them  a  minute  quantity  of 
one  or  more  of  the  ingredients  which,  by  analysis,  this  plant  has 
been  fomid  to  contain. 
The  fbllowing  were  the  results  arrived  at : — 

1.  When  neither  any  inoiganic  nor  nitrogenised  materials  had 
been  added,  the  oats  sprouted,  but  came  up  weak,  and  were 
reduced  to  two  flowers  and  a  single  fruit. 

2.  When  nitrogenised  sobstanoes  were  added,  the  pUnt  shot  up 
higher,  but  was  too  feeble  to  sustain  itself  in  an  erect  position. 

8.  When  denied  access  to  nitrogenised  materials,  but  supplied 
with  all  the  inorganic  principles  normally  present  in  it,  namely, 
with  silica,  potassa,  lime,  magnesia,  and  oxide  of  iron,  together  with 
phosphoric  and  sulpliuric  acids,  the  plant  was  small  and  languid, 
and  whilst  the  formation  of  flowers  took  place  to  a  more  limited 
extent  than  in  the  former  ease,  that  of  grain  was  altogether  wanting. 

4.  When  both  the  mineral  substances  above  enumerated  and 
the  nitrogenised  matters  were  present,  there  was  an  increase  both 
in  the  rigour  of  the  plant  and  in  the  number  of  its  flowers ; 
but  still  something  appeared  to  be  wanting  in  the  pulverized 
quarts,  which  existed  in  the  river  sand;  for,  although  lateral 
shoots  were  produced,  showing  a  power  of  development  to  reside 
in  the  plant,  still  the  regular  formation  of  grain  did  not  take  place. 

6.  But  when  any  one  of  the  above  seven  inoiganic  substances 
was  wanting,  its  development  became  in  some  way  or  other  srrested. 

Thus  when  magnesia  was  not  supplied,  the  growth  of  the  plant 
was  feeble ;  when  potassa,  it  was  stunted,  and  only  a  angle  stem 
produced ;  when  soluble  silica,  the  growth  of  the  stem  was  arrested ; 
when  phosphoric  acid,  only  one  flower  was  obtained,  and  this 
did  not  produce  grain ;  when  sulphuric  add  was  not  supplied,  there 
was  no  stem,  and  the  plant  died  before  the  thurd  leaf  had  been 
produced  ;  and  when  iron  was  wanting,  the  plant  was  deficient  in 
its  natural  green  colour. 

The  experimental  results  above  obtained  arc  decidedly  adverse 
to  the  idea,  that  even  normal  substances  can  replace  each  other 
indefinitely  in  the  structure  of  a  plant,  showing,  as  they  seem  to 
do,  that  the  constituents  are  aU  of  them  indispensable  to  their 

healthy  growth. 

The  fourth  conclusion  indeed  arrived  at,  namely,  as  to  the 
imperfect  development  of  a  plant  grown  in  powdered  qiuirtz,  even 
Where  all  the  bodies  known  to  be  essential  to  it  are  provided; 
although  it  arrives  at  a  perfect  state  of  maturity,  in  ail  respects^ 


Digitized  by  Google 


214 


I>AU9iBKT  ON  THE  FOWEB  OF  BOOTS 


when  grown  in  river  sand;,  seems  to  indicate,  that  we  are  still 
unacquainted  with  all  the  iugredienta  of  the  aoii  and  of  the  phoUs 
grown  in  it. 

This  is  the  point,  therefore,  towards  which  our  inquiries  should 
be  directed^  and  which  the  Prince  himself,  at  the  end  of  bis 
Memoir,  proposes  to  investigate.  Aa,  however,  ten  years  have 
aincc  elapsed  without  any  further  commnnieaAioii  from  him  li«fiii|p 
reached  my  knowledge,  I  conchide  that  we  miut  not  ei^eet  any 
further  elucidation  of  the  aulQeot  from  this  qnairter.* 

In  the  interval,  howew,  the  remarkable  reaearehea  oi  Bnnsen 
and  Kirchhoff,  on  Spectrum  Analjraia,  have  eetaUiabed  the  exist- 
ence  in  natiue  of  •omesobatancea  hitherto  nnaoapecled,  and  the  wide 
difuaion  of  others  hitherto  regarded  aa  of  great  rarity;  ao  that,  as 
I  perceive  haa  been  already  suggested  by  Dr.  Cameron  in  a  paper 
read  before  the  Dublin  Sooiety,t  the  fidlure  of  onr  crops  may,  in 
certain  cases,  be  owing  to  the  absence  from  the  soil  of  some  in- 
gredient hitherto  overlooked,  such  for  instance  as  lithium,  or  the 
new  alkali-metal  cjesium,  which  had  been  withdrinvii  by  preceding 
crops,  and  not  restored  by  the  species  of  manure  which  had  been 
subsequently  applied. 

If  then,  it  be  true,  that  a])normal  substances  cannot  supply  the 
place  of  normal  ones,  and,  therefore,  do  not  enter  into  the  organi- 
sation of  a  plant,  we  have  only  the  alternative  of  supposing,  that 
when  brought  into  contact  with  the  roots,  the  former  either  arc  not 
admitted  at  all  into  .the  system^  or  are  afterwards  excreted 
from  it. 

Of  the  two,  the  former  would  seem  to  be  the  more  legitimate 
inference;  for  if  these  bodies  had  been  excreted,  we  ought  to 
find  traces  of  them  ff»  trmtiiu  distributed  thronghout  the  variona 
tissues  of  the  plant. 

The  latter  is,  indeed,  actually  Ibund  to  be  the  caae^  when  anb- 
atanoes  of  this  nature  are  brought  into  contact  with  the  cat 
sur&oea  of  the  stem  or  roots,  as  in  the  experiments  of  Boncherie  j 
or  efven  when  the  vitality  of  the  root  is  destroyed  by  the  applica- 

•  Since  the  reading  of  this  Paper,  T  have  found,  from  a  late  notice  in  the  Chcm* 
ical  Ncwp,  copied  from  I'oggcnddrn  "s  Anmlcn.  that  the  Prince  now  helicFea 
lithia  to  be  indiKpensaltle  to  the  development  of  trrain,  he  having  lately  found,  that 
barley  did  not  come  to  maturity  in  coarsely  powdered  and  ^^ai^hcd  rock  cryBtAl,  even 
idMaanppIiodirithcartK>nateofIim«,]iuign«da>,Midinangancgc,  Bulphatca,  phosphates, 
and  Huuride  of  puLussium ;  bui  thai  the  addition  of  nitnitc  of  Hthia  in  the  propor- 
tion of  the  100th  of  a  milligramme,  can-'cl  it  to  flmvcr,  and  to  yield  JMlfMtlyripogalaM 

t  ^  tho  Qardciten'  Chnmido  fox  Moruh  28,  l&Gl. 
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tion  to  it  of  1^  poisonoiu  or  mtonie  substanoe^  as  in  the  cases 

reported  by  Saussure. 

On  this  principle^  indeed^  it  is  easy  to  colour  the  stem  of  a  plant 
hhxBf  by  first  immeraing  its  roots  in  a  solation  of  sulphate  of  iron^ 
and  afterwards  in  one  of  ferrocyanide  of  potasnnm^  when  the  ferro- 
oyanide  of  iron  will  be  fonnd  wherever  the  sohitions  intermiz.  But 
no  such  transmissioBi  upwards  woold  seem  to  take  plaoe  when  an 
abnormal  substance  is  brought  into  juxta-poaitkm  with  a  living 
rootj  until  its  organisation  is  destroyed  ^ther  by  meohanical  meansi 
or  by  the  poisonous  influence  of  the  application  itself 

The  case,  however,  is  different,  when  we  employ  substances 
normally  present  in  the  plant  Here  there  can  be  no  doubt, 
that  the  substances  do  obtain  admission  into  the  system,  and  that 
the  usual  proportions  of  the  respective  ingredients  may  be  made 
to  vary,  by  supplying  the  roots  more  plentifully  with  one  ingredient 
than  with  the  rest.  * 

It  has  been  stated,  for  instance,  by  Will  and  Frcsenius,  that 
wheat  cultivated  near  the  sea  contains  more  soda  and  less  potassa 
than  it  does  in  more  inland  situations ;  and  altliough  certain  analyses 
made  in  my  laboratory  by  Mr.  Way,  some  years  ago,  would  lead 
to  the  contrary  conclusion,  yet  in  a  Memoir  read  before  the  Chemi- 
cal Society  in  1853,  I  brought  forward  facts  which  lend  support  to 
the  view  taken  by  the  German  chemists^  by  showing  that  the 
relative  proportions  of  potassa  and  soda  present  in  barley  varied^ 
according  as  the  soil  was  more  or  less  impregnated  with  one  or 
other  of  these  alkalies* 

It  will  be  seen,  by  referenoe  to  the  report  of  these  experiments 
contained  in  tiie  Chemical  Journal,  that  in  ihui  manner  the  pro* 
portion  of  soda  to  potassa  was  made  to  vary  firom  28*5  to  15*5  in 
the  grain,  and  from  27*26  to  20*0  in  the  straw,  thus  appearing  to 
show  that,  to  a  certain  extent,  one  alkali  might  replaoe  the  other 
in  the  vegetable  organisation. 

But  the  latest  and  most  extensive  series  of  investigations  bearing 
upon  this  snbjeet  are  those  by  Mala  gut  i  and  Durooher,  recorded 
in  the  Annates  de  Chimie  for  December,  1858. 

The  primary  object  of  these  chemists  was  to  di  tcrminc,  whether 
any  relation  subsisted  between  the  mineral  constitution  of  a 
plant  and  its  organic  structure,  as  evidenced  by  the  place  it  occu- 
pied as  a  member  of  one  of  the  natural  families  into  which  the 
vegetable  kingdom  is  divided. 

For  this  purpose  they  examined  the  ashes  of  150  plants,  selected 
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from  twenty-five  different  natural  families,  and  growing  spontane- 
ously ID  the  soil  of  France,  analysing  at  least  three  species  of  each 
family^  in  order  to  estimate  the  range  of  variation  occoniiig  in 
them,  and  distinguishing  the  arboreaoent  from  the  herbaoeooa,  aa 
ocmtaining  a  different  amount  of  ligneoon  fibre. 

In  the  course  of  these  inqairies^  two  facta  were  elicited^  both  of 
which  accord  with  the  remits  obtained  by  myaelf  from  the  ezperi* 
ments  above  referred  to;  the  fint>  that  plantamnat  poaseaaapower 
of  selection,  inaamnch  as  several  apecles  growing  on  tbe  same  eoil, 
abstract  from  it  different  amounts  of  the  normal  conatituenta  pro- 
aented  to  them  (see  p.  289) ;  the  second,  that  the  same  specneSy 
raised  upon  diflferent  aoils,  vary  to  a  certain  extent  in  their  oaine* 
ral  oonrtitation. 

Thus,  in  argillaceous  soils,  the  proportion  of  chlorine  in  the 
plant  is,  in  general,  less  than  it  is  in  calcareous  ones,  the  range  of 
variation  being  from  4  to  20  per  cent.  On  the  other  hand,  the 
amount  of  sulphuric  acid  will  be  greater  in  argillaceous  than  in 
calcareous  soils ;  and  the  same  remark  applies,  although  in  a  lesa 
degree,  to  the  phosphoric  acid  also. 

In  like  manner,  plants  grown  on  calcareous  soils  contain,  in 
general,  more  soda  and  less  potassa  than  in  arfxillaceousones.  Thus, 
in  Rrassica  napi/s  there  was  present,  of  soda  5'50,  and  of  potassa 
12*^,  when  grown  on  a  limestone  ^  and  of  soda  3*00,  potassa  25*00 
when  cultivated  upon  day* 

Similar  differences  are  pointed  out  as  existing  in  the  case  of 
THfoliumpratense  and  T.  incamatum,  &o.,  showing  the  dependence 
of  the  alkaline  ingredients  npon  the  chemical  oonatitution  of 
the  soil  in  which  these  plants  were  reared. 

Liebig,  in  his  Agricultiiral  Chemiatvy,  has  pointed  out,  that  in 
these  cases  of  sabstitntion,  the  absolute  amount  of  baaea  preaent 
must  be  exactly  eqaivalent  to  the  adds  which  the  plant  contains, 
or,  in  other  words,  that  the  sum  of  the  oxygen  in  them  is  inrari- 
afale. 

Thus,  according  to  Saussure's  analysis  already  referred  to,  100 
parte  of  the  ashes  of  a  fir  from  Mount  Breven  contained^ 

Carbonate  of  potassa  .  3-60  in  which  the  O  was  0*415 
„  Lime  .  4G-34  7*327 
,9      Magnesia    6*77  „  1*215 

Total  of  O  .  9*007 
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whilst  trees  of  the  eame  species  fifom  Mt.  la  Salle  oontained : — 

Carbonate  of  Potassa  .   •   7*36  in  wMcli  the  O  was  0*860 
Lime  .   .   .  61*19  „  8*ld0 

I,       Magnesia    •  0*00   

Total  of  O   ....  8-950 
Difference  only    .    ,  0*057 

9007 

And  in  like  manner  the  ashes  of  a.  fir  firom  AUevard,  aooovding  to 
Berthier,  oontained 

Of  potiuisa  and  soda  t(^ther  .    16*6  containing  of  0=3*57 
Lime  .    296       „      „  836 

Magnesia..  •     3*3  „  1-26 

13-10 

whilst  those  of  one  from  Norway  contained 

Of  potassa  .  .  14*10  containing  of  O  »  2*40 

Soda.   .   .      20*70          „  •  5*80 

Lime.   .   .      18*60  •  8*82 

Magnesia  .       4*86*         „  .  1*69 

18*21 

Difference      .  11 


1310 

These  remaikaUe  approximatums  eqnaUj  attest  tiie  aooniaejr  of 
the  analysts^  and  the  acateness  of  the  leasoner  who  fint  pointed 

out  the  relations  between  the  two  ;  —they  proTe,  that  the  amount 
of  bases  is  determined  by  the  quantity  of  acids  contained  in  certain 
tissues  of  the  plant,  and  that  this  amount,  however  much  the 
nature  of  the  acid  may  vary,  is  in  each  case  definite. 

But  although  the  quantity  of  bases  present  is  necessarily 
dependent  upon  the  amount  of  acid  contained  within  the  plant,  it 
does  not  follow  that  even  isomorphous  bodies,  such  as  potassa  and 
soda,  and  still  less  other  bases,  as  lime  and  mn^esia,  are  capable 
of  replacing  each  other  throughout  the  entire  organism. 

The  contrui-y,  indeed,  would  seem,  from  the  following  oonaidera- 
tions,  to  be  the  more  probable  hypothesis. 

In  the  experiments  performed  by  myself^  which  have  been 

VOL.  XIV.  Q 
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already  noticed,  it  may  be  remarked,  that  the  difference  in  the 
relative  proportions  of  soda  and  potassa  never  rose  above  8  per 
cent. ;  and  yet,  ,if  this  proportion  of  aoda  had  taken  the  place  of 
potassa  as  a  constituent  iu  the  orgaubm  of  a  plants  one  does  not 
see  why  the  same  might  not  be  the  case  with  respect  to  tlie  whole. 
On  this  supposition^  the  organs  of  plants  would,  like  the  different 
varieties  of  augite,  garnet,  &c.,  have  no  definite  or  fixed  composi- 
tum,  the  only  condition  being  that  their  elementa  ahoold  be 
iaomorphotts :  a  poaitton  well  eatablished  with  regard  to  the  mineral 
kingdom,  but  scarcely  applicaU^  one  wonld  think,  to  the  vegetable. 

Perhaps  the  strongest  proof  that  can  be  adduced  in  &70ur  of 
the  necessity  of  a  certain  fixed  chemical  constitatbn  for  tlie 
existence  of  plants  is  snpplied  by  the  case  of  those  which  derive 
their  nourishment  from  sea  water. 

If  we  examine  chemically  any  of  the  marine  alga;,  we  shall  find, 
that,  although  containing  a  considerable  proportion  of  soda,  yet,  tliat 
iu  mauy  of  them,  there  is  prcsLMit  an  almost  equal  amount  of  potassa. 
Thus,  in  the  4th  edition  of  Liel)ig^s  Cliemistry  of  Agncultiire, 
1847,  is  f(ivcn  the  analysis  of  four  species  of /wr?^.?,  two  o(  lamina  ?'i  a, 
and  twelve  of  otlier  kinds  of  algae.  Four  of  these  analyses  were 
made  in  the  laboratory  of  Giessen  ;  and  for  the  remainder  we 
have  the  authority  of  Forchhain  mer ;  tliey  present,  indeed, 
many  discrepancies,  but,  upon  the  whole,  concur  in  establishing;, 
that  potassa  as  often  exceeds  soda  in  the  constitution  of  an  al^^ 
as  the  reverse. 

I  should,  indeed,  from  the  difference  in  the  results  obtained^  be 
tempted  to  infer^  that  a  large  bat  variable  quantity  of  sea-water  had 
been  ciionlating  through  the  tisaues  of  the  sea-weeds  at  the  timea 
when  they  weore  severally  colleetedj  and  that  this  had  been  indnded 
in  the  respective  analyses.  At  any  rate,  if  soda  were  capable  of 
replacing  potassa  in  the  system  of  a  plant,  one  does  not  see,  why 
any  potassa  at  all^  except  an  infinitesimal  quantity,  should  bo 
present  in  them,  oonsidmng  that  sea  water,  which  alone  can  supply 
the  mineral  constituents  prmnt  in  the  organisation  of  a  marine 
plant,  contains  an  infinitely  smaller  amount  of  potassa  than  it  docs 
of  soda. 

The  case  might  have  been  put  even  more  strongly,  if  I  hnd 
adverted  to  the  quantity  of  iodine  whieli  sea  plants  extract  from 
the  waters  of  the  ocean,  although  the  proportion  of  t  hat  ingredient, 
which  is  known  to  exist  in  the  latter,  can,  from  its  miuutenese,  be 
hardly  detected,  even  by  the  most  delicate  tests. 
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Hence  iodine,  as  it  would  leem,  can  no  more  be  replaced  bjr 
ohloriiie  in  the  organism  of  marine  plants,  than  potassa  can  by 
soda,  although  both  the  one  and  the  other«  axe  regarded  as 
isomorphons. 

Liebig,  in  his  Letters  on  Modem  Agricnltnre  (page  44),  has 
iUnstrated  this  principle  by  the  ease  of  the  common  dudcweed  of 
our  ponds,  the  Lenma  irUulea,  growing  in  a  bog,  the  water  of 
whiehoontsined  the  following  salts,  in  such  proportions,  compazed 
with  those  ]^resent  in  the  plant,  as  indicated  a  power  of  selection 
residing  in  the  latter. 

Thus  there  were  present  in  seventy-six  parts : — 

oftheaoQ  of  tlie  dnckwaad. 

Lime                                        85-000  16*820 

Magnesia                                   12*264  5*080 

Chloride  of  flodium                       10*100  6*897 

Potassa     ,      .      .      .      .       3*970  18*160 

Soda  0-471 

Oxide  of  iron  and  traces  of  alumina       0*721  7*860 

Phosphoric  acid ....        2*619  8*730 

Sulphuric  acid    ....        8*271  6*090 

Silica                                             8*240  12*250 

Chloride  of  pota^»ium  .....  1*450 

Total  ....       76*666  76-837 


We  nrast  here  admit  a  certain  power  of  sdeetion  rending  in  the 
roots  of  the  plant,  since,  whilst  the  water  contained  in  76  parts, 
of  lime  about  85,  and  of  magnesia  12  percent.,  the  plant  bad 
abstracted  only  16*8  of  the  former,  and  5  of  the  latter  element; 
and  whereas  the  proportion  of  potassa  in  the  water  was  less  than  4, 
that  in  the  plant  was  13 ;  of  phosphoric  acid  in  the  water  2*6,  in 
the  plant  8'7  ;  of  silica  in  the  water  3*2,  in  the  plant  12*2. 

But,  in  fact,  wc  need  not  go  so  far  for  proofs  of  this  familiar 
principle ;  for,  as  every  plant  posacsses  a  different  chemical  consti- 
tution, it  is  evident  that  of  several  species  g^own  in  the  same  soil, 
each  one  nuist  exercise  a  kind  of  selection,  in  order  to  extract 
from  the  same  material  the  several  ingrcdieuta  which  it  requires 
for  its  separate  organisation. 

I  have  already*  attempted  to  reconcile  the  aj^arent  diacrepancy 

•  See  vol.  T.  of  this  Joonul.  1858. 
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between  the  above  two  classes  of  phenomena, — namely,  the  variations 
in  the  comj)()sitiou  of  a  plant  which  may  be  induced  by  artificial 
means,  and  the  ngccssity  for  the  presence  of  certain  specific  mineral 
in^^rcdients  in  their  organisation,  by  supposing  that  the  proximate 
principles  existing  in  a  vegetable  are  fixed  and  invariable,  a  seed 
possessing  a  certain  percentage  of  phosphoric  acid  which  cannot 
be  rejdaoed  by  any  other  ingredient,  a  mass  of  ligneous  fibre  a 
certain  amount  of  pota8ia»  &c. ;  but  that,  independently  of  the  acids 
and  bases  which  enter  into  their  oomposition,  and  make  up  the 
Ubnc  of  the  plant,  there  is  always  dzcalating  through  ita  tissues  a 
certain  amount  of  alkali^  one  ftmctioii  of  which,  acooErding  to 
Liebig,  is  to  promote  the  fixation  of  carfionic  acid ;  and  thai^  aa  the 
latter  duty  may  be  diachaiged  by  one  alkali  aa  well  aa  by  another, 
it  is  conoei?alde,  that  potaaaa  and  aodi^  or  even  lime  and  magnesia^ 
may  replace  one  another,  so  fiur  aa  respects  the  floida  which  are 
droulsting  through  the  Tegetable  tiasoes. 

Hence  we  may  understand,  how  it  is,  that  one  portion  of  the 
alkaline  or  other  mineral  inj^redients,  present  in  a  jjlaiit,  may  be 
definite  as  to  quality,  whilst  another  portion  may  vary  according 
to  circumstances ;  and  accordingly,  whilst  it  is  found  that  each 
proximate  principle  presents  a  fixed  chemical  composition,  the 
entire  plant  may,  nevertheless,  vary  within  certain  limits,  as  it 
will  contain  an  uncertain  amount  of  iinassimilated  sap  flowing 
through  its' system  at  the  time  when  it  was  cut  down. 

There  is  also  another  cause  for  the  different  composition  of  the 
aahes  of  the  same  species  of  plant,  namely,  a  variation  in  the  ratio 
subsisting  between  the  proximate  principles  themselves.  Thus,  one 
particular  climate,  or  mode  of  culture,  may  favour  the  production  of 
gluten,  another  that- of  starch;  and  thus  the  seed  of  the  same  plan^ 
in  diflforent  localities^  may  not  always  be  identical  in  point  of  com* 
positiaii.  Thus,  I  hare  given  instances,  in  my  **  Lectures  on  Agri- 
culture,'' pttblidied  in  1841,  in  which  the  application  of  nitrate  of 
aoda  to  a  soil  added  4*25  to  the  amount  of  gluten  present  in  the  crop 
of  wheat  growing  in  it;  and  Davy  affirms  that  the  fionr  of  warm 
climalea  contains,  in  general,  more  ^uten  than  that  of  colder 
ones.* 

Upon  the  whole,  then,  I  should  be  indined  to  infer,  that  the 

spongioles  of  the  roots  have  residing  in  them  some  specific  power 
of  excluding  those  constituents  of  the  soil  which  aie  abnormal,  kind, 

*  Seo  alio  BouBaingAult,  Ann.  Ch.  Fhys.  [2]»lxv,  301. 
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therefoie,  nnsnitable  to  tlie  plants  bat  that  they  take  op  those 
which  are  normal  in  any  proportionB  in  which  they  may  chance  to 
present  themaelTes;  the  redundant  portion^  however,  left  after  the. 
necessities  of  the  organism  have  been  potorided*  ibr,  being  again 
excreted,  so  that  a  vegetable  will  only  vary  in  mineial  compositioii 
in  proportion  to  the  relative  amoont  of  the  several  proximate 
principles  wliieh  may  be  produced  under  the  peenliar  dreomstancea 
of  its  cultivation,  or  of  the  climate  it  enjoys. 

If  it  be  questioned,  whether  wc  can  concede  to  tlie  absorbing 
surfaces  of  the  roots  a  function  so  nearly  allied,  in  semblance  at 
least,  to  volition,  I  woulcL refer  to  the  observations  of  Huxtable 
and  Thomson,  and  more  especially  to  the  valuable  Memoirs  of 
Way,  as  establishing  the  existence  of  a  property  connected  with 
these  organs  of  no  less  extraordinary  a  nature ;  namely,  that  whilst 
the  carbonate  of  ammonia,  present  in  rain-water  and  in  manures, 
is  so  firmly  fixed  in  the  soil,  that,  under  ordinary  circumstances, 
water  containing  carbonic  acid  seems  unable  to  withdraw  it,  the 
same  is  nevertheless  commonly  absorbed  and  conveyed  into  the 
tissue  of  plants  by  meaus  of  their  roots. 

Hence,  as  Liebig  observes,  vegetables  must  obtain  their 
nourishment  by  virtue  of  some  specific  attraction  exerted  by  the 
rootlets  upon  the  ingredients  locked  up  within  the  earth;  a  pro* 
perty,  wonderful,  indeed,  but  not  more  so,  than  that  posseased 
by  the  leaves,  of  converting  carbonic  acid  into  other  organio 
principles  by  the  elimination  of  oxygen. 

In  a  Paper  published  in  the  Philosophical  Transactions  for  1886, 
"  On  the  Action  of  Light  upon  Plants,  and  of  Plants  upon  the 
Atmosphere,"  I  coniduded,  that  light  operates  upon  the  vegetable, 
as  it  does  upon  the  animal  kingdom,  in  the  character  of  a  specific 
stimulus,  so  that  the  formation  of  the  various  secretions  elaborated 
from  the  carbonic  ac*id  absorbed,  is  not  a  purely  chemical  process, 
but  is  due  to  some  peculiar  agency  of  the  green  parts  connected 
with,  and  dependent  upon,  their  vitality. 

I  would  now  extend  the  same  inference  to  the  roots,  considering 
that^  when  in  a  healthy  and  vigorous  condition,  they  serve  as 
instruments  for  conveying  to  the  other  parts  of  a  plant  those  juices, 
which  contain  substances  calculated  lor  affording  them  nourish- 
ment, and  for  exciudiog  others  which  might  be  useless  or  iiy  urioua 
to  them. 

Iiiebig^  indeed,  goes  so  far  as  to  contend,  that  the  mineral 
matters  presented  to  the  spongioles  are  not  in  a  soluble  form ;  for 
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if  they  were^  be  suggests,  that  water,  either  alone  or  in  conjunction 
with  carbonic  acid,  would  be  capable  of  abstracting  them  from  the 
earth.  He  therefore  imagines,  that,  being  distributed  over  the 
general  body  of 'the  soil  in  a  finely  di?ided  ocmditioii,  they  are 
taken  np  by  the  Tootletsj  owing  to  a  kind  of  specific  attraction. 
We  can  thus  more  readily  understand,  how  it  is  that  certain 
ingredients  are  absorbed  in  larger  quantities  than  others^  and  why 
some  even  should  be  absolutely  rejected,  as  in  the  case  of  the 
common  duckweed,  to  which  Liebig  refo». 

It  is  remarkable  that,  although  alumina  is  not  usually  present 
in  the  ashes  of  plants,  yet  that  one  tribe,  namely,  the  Lycopodiacecs, 
contains  it  in  large  ciuautities,* — a  fact  which  I  have  myself  veri- 
fied. 

By  what  precise  agency  this  usually  insoluble  earthf  finds  its  way 
into  the  vegetable  economy  seems  to  be  yet  undetermined ;  but  its 
occurrence  in  a  few  plants  may  be  regarded  as  a  proof  that  it 
would  have  been  tak(  ii  up  in  all,  if  the  spongiolcs  were  merely 
passive  instruments  for  absorbing  and  transmitting  indiscriminately 
whatever  was  presented  to  their  external  surfaces. 

But,  indeed,  the  wliole  efficacy  of  geothermal  culture,  now  so 
much  insisted  on  by  horticulturists,  seems  to  pre*suppo8e,  that  the 
roots  are  vital  agents,  capable  of  being  acted  upon  by  stimuli. 
Why  else  should  the  application  of  heat  to  the  roots  impmrt  greater 
▼igour  to  the  upper  parts  of  a  tree,  and  cause,  as  in  the  case  of 
the  BougakmnUea,  the  copious  development  of  flowers  where  none 
before  were  produced  i  and,  on  the  other  hand,  why,  as  happened  in 
flo  many  oases  during  the  late  severe  winter,  should  the  plant  be 
destroyed  in  consequence  of  the  cold  penetrating  into  the  ground, 
whilst  it  resisted  the  influence  of  the  froat  bo  long  as  its  roots  were 
protected? 

If  the  spongioles  acted  upon  the  surrounding  matter  simply  by 
virtue  of  endosmose,  as  a  dead  membrane  might  do,  the  process  of 
absorption,  although  it  might  be  arrested  by  frost,  would  be 
renewed  when  the  mild  weather  returned,  and  the  plant  would 
sustain  no  further  damage  than  what  might  be  due  to  a  temporary 
suspension  of  its  functions ;  whereas  the  consequence  of  the  late 

♦  L.  cIiamoenjpariimiM,  39  07;  L.  rlavatuui,  20  69;  aocordiag  to  RatihaaBdn. 
in  Liobig'a  "  Jahrcabcricht"  for  1853,  p.  586. 

t  The  late  zcManlMS  of  the  Hatter  of  tlio  ICinty  whioli  wen  not  known  to  me  at 
the  time  of  the  leadiiig  of  this  Ptiper,  ahov  ilist  tlamiiis  la  capable  of  eaciaUng  in  » 
soluble  condition  combined  with  water. 
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extreme  cold  appears  to  have  been,  that  the  Foots  became  unfitted 
Ibr  discharging  their  office,  and  that  the  stem  and  branches 
suffered^  not  only  negatively,  by  the  deprivation  of  proper  noorish- 
ment^  but  poattiTely^  by  receiving  noxious  matter  from  the  ground. 
In  short,  the  spongioles  may  be  supposed  to  have  been  reduced 
to  the  same  condition  by  the  eold^  as  that  to  which  they  would  * 
be  brought  by  the  iq[»plication  of  a  poisonoos  solutioni  sueh  «• 
the  sulphate  of  copper  already  alluded  to;  and  in  both  cases  the 
same  consequences  would  ensue. 

■ 

Let  us  now  consider^  how  the  influence  of  poisons  upon  the 
vegetable  economy  is  to  be  reconciled  with  the  principles  just  laid 
down* 

It  is  notorious,  that  a  moderate  dose  of  certain  mineral  as  well 
as  of  vegetable  poisons  applied  to  the  roots  of  a  growing  plant 
destroys  its  vitality^  as  certainly  and  as  speedily,  as  if  the  same 

were  injected  into  any  part  of  the  stem  or  branches.  It  is,  there- 
fore, evident,  that  the  poison  does  not  merely  exert  a  local  influ- 
ence upon  tlic  to  which  it  is  applied,  but  that  it  must  be 
absorbed  and  transmitted  through  the  other  parts  of  the  organiijui. 
But  how,  it  may  be  asked,  is  this  fact  to  be  reconciled  with  the 
power  of  rejecting  sucli  ahiiormal  ingredients  as  arc  presented, 
which  we  have  ascribed  to  tlic  roots  ?*  The  reason  I  conceive  to 
be,  that  the  deleterious  quality  of  the  substance  destroys  the 
vitality  of  tlie  part,  and  thus  reduces  it  to  the  condition  of  a  simple 
membrane,  which  by  endosmose  absorbs  whatever  is  presented  to 
its  external  surfaces. 

The  same  thing  may  be  supposed  to  happen  generally  in  the 
case  of  poisrms  of  a  certain  degree  of  intensity^  as  in  that  of  the 
solution  of  sulphate  of  copper,  which  Saussure  and  others  have 
fully  ascertained  to  be  taken  up  in  larger  quantity  than  any  other 
soluble  material.  In  all  such  instances^  however^  the  absorption 
of  the  poison  was  speedily  followed  by  the  death  of  the  plant 

When,  on  the  contnury,  the  poison  is  presented  in  a  more 
diluted  form^  the  effect  resulting  would  seem  to  be  a  matter  of 
rather  greater  uncertainty,  as  the  statements  made  on  the  subje(!t 

•  One  of  the  few  cases  recorded,  on  competent  authority,  in  which  an  abuonual 
snbstanoe  appears  to  be  taken  up  l*y  a  plant,  without,  apparently,  uft'ecting  ite 
heeliby  eondition,  is  that  of  the  violet  which  grows  on  tho  calamine  rocks  near  Aiz 
ta  Chapelle,  and  fa  found  to  contain  xinc  amongst  mineral  eonstitnenta, — ^ee 
Annate  of  Natiual  History,  vol.  zir,  aeeond  aeriee,  for  1864. 
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are  of  aconfiicting  nature.  On  the  one  hand,  Dr.  Edmund  Davy, 
Piofiessor  of  Agriculture  and  Agricultural  Chemistry  in  the  Dublin 
Society,  is  quoted  in  the  Gardener's  Chronicle  for  September 
10th,  1859,  as  having  ascertained,  that  peas  watered  with  a  satu- 
rated solution  of  arsenious  acid  for  more  than  a  week  continued  to 
*  the  last  uninjured,  although  arsenic  was  readily  detected  by  appro- 
priate tests  in  the  plants  subjected  to  this  treatment.  He  is  alao 
reported  to  have  stated,  that  a  solntion  of  superphosphate  of  Vaae, 
which,  if  impure  sulphuric  acid  has  been  employed  in  its  pre> 
paration,  always  contains  more  or  less  anenic,  was  applied  to  a 
cabbage  plant,  which  nevertheless  grew  and  flourished,  although 
arsenic  was  detected  in  it  afterwards.  A  similar  experiment  was 
tried  also  upon  turnips  with  the  same  results.  Mr,  Horsley,  of 
Cheltenham,  has  since  published  a  letter  addressed  to  Dr.  Edmund 
Davv,  in  which  he  coiifidcutiy  allinns  the  same  fact,  and  assures 
us  tliat  it  holds  good  in  the  cai^  of  all  the  various  plants  upon 
which  he  had  experimented. 

On  the  other  hand,  Jiiger,  Humboldt,  and  Link  could  not 
induce  plants  to  grow  when  sprinkled  with  arsenicatcd  water,  aud 
Mr.  Ogaden  (in  the  Gardcnoi-'s  Chronicle  for  March  lOth,  I860,) 
states,  that  on  repeating  Davy's  experiments,  he  found  cabbage 
plants,  and  also  Scotch  kale,  to  droop  aud  die  within  a  week  after 
the  application  of  the  arsenical  solution.  In  neither  of  these  cases 
was  any  arsenic  detected  in  the  leaves,  or  higher  up  in  the  stem, 
than  about  5  inches  from  the  ground. 

In  corroboration  of  these  results,  it  might  be  unfidr  to  add 
those  arrived  at  by  Marcet,  as  he  plunged  the  shoot  of  a  kidney- 
bean,  and  not  its  roots,  into  the  arsenical  solution  made  use 
whi^  contained,  it  seems,  2  grains  of  arsenious  add  in  ft  ounces 
of  water.  Under  such  circumstances,  the  death  of  the  plant  which 
ensued  cannot  well  be  cited  as  an  argument  from  analogy  aa  to 
what  might  happen  in  the  case  of  the  spougioles  of  the  roots  ; 
but  the  immunity  which  the  potatoe  crop  in  the  neighbourhood  of 
Swansea  seems  to  enjoy  from  the  influence  of  the  arsenical  fiimes 
with  which  the  atmosphere  thereabouts  is  so  infected,  and  like- 
wise the  fact,  that,  in  certain  parts  of  Cornwall,  where  arsenical 
pyrites  from  tlie  mines  is  tlirown  iii>on  the  soil  in  large  quantities, 
the  crops  do  not  appear  to  suffer,  and  contract,  in  consequence, 
no  injurious  properties,  may  perhaps  be  fairly  adduced  in  support 
ui  Um  same  conclusiuu. 
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I  will  now  laybefim  the  Society  a  few  experiments  bearing 
npon  the  same  subject  which  have  been  carried  on  by  myself. 

I  possess^  in  the  first  place,  some  notes  of  an  experiment  made 
80  long  ago  as  1887,  in  which  plants  were  watered  with  a  solution 
of  anenions  acid  in  the  proportion  of  1  grain  of  the  mineral  to 

3  pints  of  water,  and  where  no  trace  of  arsenic  could  be  detected 
in  them  after  the  application. 

Passing  over  these  trials,  which  appear  wanting  in  the  requisite 
precision,  I  will  state  what  I  have  done  during  the  past  year,  with 
a  view  of  determining  the  power  of  the  roots  to  absorb  poisons  and 
abnormal  substances,  wheu  presented  to  them  in  a  state  of  great 
dilution. 

Having  first  made  a  few  tentative  experiments  on  a  small  scale, 
with  the  view  of  ascertaining  what  amount  of  arsenious  acid  might 
be  applied  to  a  growing  plant  with  impunity,  I  watered  a  plot  of 
ground,  25  feet  long  by  4  feet  wide,  containing  a  crop  of  young 
barley,  with  a  solution  of  arsenious  acid,  in  the  proportion  of 
2  ounces  to  10  gallons  of  water.  Finding,  six  days  afterwards,  that 
^he  barley  appeared  to  be  blighted,  I  applied  to  a  second  plot,  of 
the  same  dimensions,  a  adntion  of  just  half  the  strength  of 
the  preceding,  containing  1  ounce  of  arsenious  acid  to  10  gallons  of 
water. 

Alter  two  applications,  with  an  interval  of  twelve  days  between, 
via.,  on  July  10th  and  28th,  tiiis  crop  also  appeared  to  be  some- 
what damaged;  but  nevertheless  the  application  was  renewed  on 
August  11th,  18th,  and  21st,  so  that,  on  the  whole,  the  solution 
wss  applied  five  times  without  preventing  the  crop  from  arriving 
at  maturity. 

A  similar  plot  of  ground,  sown  with  turnips,  was  watered  on  the 
3rd,  10th,  17th,  and  27th  of  September,  with  a  solution  containing 
1  ounce  of  acid  to  10  gallons  of  water;  so  that,  on  the  whole, 

4  ounces  of  arsenious  acid  diluted  with  40  gallons  of  water  had 
been  added. 

Upon  the  turnips  no  sensible  effect  was  produced  by  the 
application,  the  bulbs  appearing  as  large,  and  the  tops  as  luxuriant 
as  they  were  in  the  rest  of  the  bed  which  had  not  been  so 
treated. 

It  may  be  worth  remarking,  although  perhaps  the  circumstance 
might  be  owing  to  other  causes,  that  the  barley  so  watered  arrived 
at  maturity  a  fortnight  earlier  than  the  rest  of  the  crop. 

The  produce  was  somewhat  less  than  the  average  in  the  other 
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parts  of  the  fields  which  in  every  100  square  feet  wm  fbxmd  to 
yield  121be.  of  straw^  and  41bs.  14  oz.  of  grain ;  the  produce  in  the 
portion  treated  with  arsenic  being  lOilbs.  of  straw,  and  3^  lbs*  of 
gndn.  Tlie  weight  of  the  hitter  to  the  basheL  was  62  lbs.,  whereaa^ 
that  of  the  other  poriioii  waa  only  SOlba. 

The  tunups  friaa  the  anenicated  portion  wbm.  arrived  at 
matiirity,  yielded  of 

Boots        •.  51  lbs 

Tope   20  m 

whilst  a  similar  portion  of  the  same  bed  not  treated  with  arsenic 
yielded 

Of  roots     • .       . .       58  lbs. 
Tops         ....       22  „ 

Thus  ranch  with  respect  to  the  influence  of  the  poison  upon  the 
amount  and  quality  of  the  production. 

With  the  view  of  ascertaining  whetlier  these  crops  had  really 
taken  into  their  system  any  appreciable  quantity  of  arsenic^  the 
following  method  was  adopted. 

Ist.  With  respect  to  the  barley. 

A  portion  of  the  grain  was  burnt  in  an  earthen  crucible,  with 
ploTity  of  nitrate  of  potassa,  and  the  ashes  were  treated  with 
hydrochloric  acid.  Sulphuretted  hydrogen  was  then  passed  through 
the  solution,  but  no  precipitate  waa  occasioned  by  its  addition. 

As  howeYer^  it  might  be  suspected  that  the  arsenic  had  been 
driven  off  by  the  heat,  notwithstanding  the  presence  of  nttre^  by 
which  it  was  intended  to  fix  it,  a  second  portion  of  the  grain  was 
heated  in  a  glass  retort  for  6  hours  together,  with  some  nitro- 
hydrochloric  acid.  The  liquor  was  maintained  at  a  boiling  tem- 
perature, and  the  vapour  that  came  over,  collected  and  tested 
with  sulphuretted  hydrogen  as  before. 

In  this  instance,  a  slight  precipitate  was  obtained,  whicii  afforded 
indications  of  arsenic  by  Marsh's  test. 

As  however  it  was  possible  that  a  trace  of  this  substance  mirrht 
have  adhered  to  the  external  surface  of  the  luisk,  from  its  having 
been  sprinkled  with  the  solution,  a  second  portion  of  the  barley 
was  carefully  washed  before  subjecting  it  to  the  same  treatment, 
and  here  the  indications  were  mueh  less  decisive,  a  very  slisrht 
stain  being  perceived  upon  the  subliming  tube,  but  one  of  a  reddish 
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oolouTy  and  less  distinctly  arsenical  in  its  appearanoe  than  the 
former. 

The  suspicion  thus  created,  as  to  the  presence  of  arsenic  in  the 
case  of  the  harley  heing  merely  superficial,  was  confirmed  hy  my 

examination  of  the  turnips^  which  had  been  similarly  treated  with 
an  arsenical  solution ;  for  here  the  root,  after  being  sliced  into 
thin  pieces  antl  tii  ied,  was  treated  with  a  solution  of  chlorate  of 
potassa,  according  to  the  plan  recommended  by  Woh^ler*,  and  the 
liquor,  after  filtration,  subjected  to  the  action  of  sulphuretted 
hydrogen.  Here,  as  a  dirty,  greyish  precipitate  was  thrown  down, 
I  might  have  suspected  the  presence  of  ai*senic,  but  this  pre- 
sumption was  overturned  by  the  application  of  Marsh's  test, 
which  afforded  no  indications  of  arsenic  whatever.  I  may  also 
add,  that  Professor  Brodie  was  good  enough  to  submit  another 
sample  of  the  same  turnips  to  chemical  examination  in  his  labora- 
tory, but  was  unable  to  detect  the  presence  of  arsenic  in  it. 

I  also,  on  the  10th  of  last  J  uly,  applied  to  a  plot  of  similar 
dimensions  with  the  former,  containing  a  crop  of  barley,  a  solution 
of  4  ounces  of  nitrate  of  baryta  in  4  gallons  of  water.  The 
application  was  repeated  on  the  18th  and  28th  of  July,  and  on 
the  11th,  18th,  and  Slst  of  August.  No  perceptible  efiiect  was 
produced  upon  the  crop  so  treated,  although  the  amount  of  grain 
was  reduced  from  4ilbs.  in  the  100  square  feet,  to  3J  lbs.  This, 
however,  might  be  an  accidental  differences  for  af^  a  similar 
application  to  a  crop  of  turnips,  the  weight  of  the  roots  some- 
what exceeded  the  average  of  the  crop  in  the  rest  of  the  same 
plot,  weighing  in  100  square  feet  62  lbs.,  whilst  the  average  of  the 
remainder  was  58  lbs. 

Here  the  solution  of  nitrate  of  baryta  was  applied  on  September 
3rd,  10th,  17th,  and  27th,  without  any  perceptible  influence  upon 
the  character  of  the  crop. 

At  the  same  time,  similar  experiments  were  made  upon  two  cor- 
responding crops  of  barley  and  turnips,  by  the  application  to  them 
of  10  ounces  of  nitrate  of  strontia  in  10  gallons  of  water,  the 
application  being  nmewed  five  successive  times.  No  perceptible 
difference  in  either  case  resulted  from  the  i^pplication  in  the  cha> 
racter  of  the  crop,  and  its  amount  in  either  instance  seemed 
enhanced,  but  this  might  perhaps  have  been  owing  to  other 
causes. — ^The  following  were  the  results  obtained : — 

*  Hud-book,  p.  918. 
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In  1 00  square  feet 
treated  with  Btroutian. 


In  1 00  square  fcei 
not  so  treated. 


Barley  • .  | 
Turnips  | 


51b. 
IG  „ 
53  „ 
13 


4i  lb. 

11  » 

40  „ 

20 


Tbe  barley  and  barley-straw,  the  tandp  roots  and  tops,  which 
had  been  watered  with  the  above  two  solutionsy  were  separately 
incinerated,  their  ashes  reduced  to  whiteness  by  heat,  then 
treated  with  nitric  add,  and  the  solution  evaporated  to  dryness 

aud  exposed  to  a  red  heat.    They  were  then  severally  dissolved 

in  liydruchloric  acid  and  filtered.  To  the  filtered  solution  sulphate 
of  soda  was  added^  aud  the  precipitate  formed  was  washed  and 
dried. 

Prc.simiin<^  the  latter  to  consist  of  the  earthy  suli)li;itc8,  I 
exposed  each  of  them  to  a  red  heat  for  half  an  hour,  mixed  with 
an  equal  weight  of  carbonate  of  soda.  The  mass  was  tlien  dijj^csted 
iu  water,  aud  to  the  undissolved  residue,  muriatic  acid  was 
added. 

So  far  the  process  was  the  same  in  all  the  eight  cases ;  but  to 
the  hydrochloric  acid  solution,  derived  from  the  plants  that  had 
been  watered  with  nitrate  of  baryta,  after  driving  off  the  water, 
alcohol  of  specific  gravity  of  *810  was  added.  The  salt  derived 
from  the  grain  of  the  barley  was  wholly  dissolved  by  the  alcohol : 
and  was,  therefore,  inferred  to  consist  entirely  of  chloride  of  cslcium. 
That  from  the  barley  straw^  as  well  as  those  firom  the  turnip 
tops  and  roots,  left,  it  is  true^  a  slight  residuum  insoluble  in  the 
alcohol ;  but  in  only  one  of  them,  namely,  that  derived  from  the 
turnip  tops,  did  the  residuum,  when  dissolved  in  water,  yield  any 
precipitate  with  sulphate  of  soda ;  and,  therefore,  in  that  alone  was 
the  presence  of  baryta  established. 

Here  then  we  are  drawn  to  the  same  conclusion  as  in  the  case 
of  the  arsenic,  namely,  tliat  the  earth  was  not  taken  into  the 
system  of  the  plant,  but  had  merely  adhered  to  its  external  surfoees. 

With  regard  to  the  other  five  solutions,  which  were  derived 
from  the  ashes  of  plants  watered  with  a  solution  of  nitrate  of 
strontia,  after  dissolving  them  in  hydrochloric  acid,  and 
evaporating  to  dryness  the  solution  obtained,  they  were  severally 
treated  with  absolute  alcohol  like  the  former. 
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As,  however,  this  menstruum  takes  up  ehloride  of  strontium  as 
well  as  chloride  of  calcium,  T  trusted  for  the  detection  of  the 
former  cartli  to  two  tests,  namely,  first — the  colour  of  tlic  flame  pro- 
duced hy  setting  fire  to  the  alcoholic  solution ;  and  secondly — the 
effect  of  the  addition  to  it  of  a  weak  solution  of  sulphate  of  soda. 
Now;  in  neither  of  these  ways  could  I  obtain  any  indication  of 
the  presence  of  strontia  iu  the  salt  derived  from  the  grain  of  the 
barlej  or  from  the  roots  of  the  turnips;  but  a  slight  precipitate  was 
produced  by  the  addition  of  gnlpbate  of  soda  in  the  case  of  the  barley 
straw  and  of  the  turnip  topsy  referable^  as  I  cofDCtxve,  to  the  same 
cause  as  the  presence  of  baryta  and  arsenic  in  the  foregoing  cases^ 
namely,  to  the  adherence  of  a  small  quantity  of  the  earthy  salt 
to  the  external  sur&oes  of  the  plant  to  which  the  solution  had  been 
applied. 

I  have  trespassed  apon  the  time  of  the  Society  in  the  detail 

of  these  experiments  to  a  greater  extent  than  I  should  have  been 
otherwise  disposed  to  do,  out  of  coiisidcratiou  tor  those  chemists 
who  have  arrived  at  conclusions  oj)pc)sitc  to  my  own ;  a^  it  seemed 
but  right  to  give  to  others  ample  means  of  judging,  how  far  my 
experiments  are  calculated  to  shake  their  confidence  iu  the  results 
previously  obtained. 

The  fiicts  indeed  which  I  have  brought  forward  iu  this  Memoir 
are,  I  must  admit,  too  few  in  number^  and,  perhaps,  too  deficient  in 
the  required  precision,  to  settle  the  question  at  issue  ;  and  I  have 
consequently  this  very  year  commenced  a  similar  set  of  experi- 
ments, in  which  I  hope  to  have  avoided  the  source  of  possible 
error  which  has  been  pointed  out  in  those  already  undertaken, — 
namely,  the  adherence  of  some  portion  of  the  salt  applied  to  the 
external  surfaces  of  the  stem  and  leaves  of  the  plant,  by  intro- 
'  ducing  the  salt  into  the  soil  before  the  seed  is  sown.  I  have  also 
subetitnted  the  arsenic  acid  for  the  arsenious,  concaving  that, 
being  isomorphous  with  phosphoric  acid,  it  baa  a  better  chance  of 
being  assimilated. 

Whilst,  however,  I  abstain  firom  expressing  a  decided  judgment 
as  to  the  question  at  issue,  I  cannot  hdp  entertaining  a  confident 
belief,  that  as  the  results  to  which  my  experiments  appear  to  pointy 
seem  more  in  aooordanee  with  the  general  principles  of  vegetable 
physiology  than  those  opposed  to  them,  further  investigations  will 
establish  the  fact,  that  whenever  abnormal  substances  are  taken 
up  by  a  living  plant,  it  is  in  consequence  oi  some  interference 
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with  the  vital  fuii(;tion8  of  the  roots,  caused,  in  tlie  first  instauce, 
by  the  deleterious  influence  of  the  agent  employed.* 


XIX.  On  Colwaing  MatierB  derived  from  Coal  Tixr, 
By  W.  H.  Pbbkin,  Esq. 

The  subject  of  the  present  oommiinication  is  one  which  is  remark- 
able for  the  very  rapid  progress  it  is  making.  Previous  to  the 
year  1856,  the  colouring  matters  derived  from  ''Coal  Tar  prodacta'' 
were  practically  unknown ;  bat»  owing  to  recent  discoveries^  they 
now  rank  amongst  the  most  important  coloaring  matters  em- 
ployed. Only  a  lew  of  them,  however,  are  actually  used  by  the 
dyer  and  printer;  the  rest  have  merely  a  scientific  interest,  and 
for  reasons  present^  to  be  mentioned,  are  not  likely  to  acqnire 
any  other. 

The  coal-tar  products  whicth  have  up  to  the  present  yielded 
colouring  matters  are  numerous.  The  following  is  a  list  of  the 
nio8t  important,  .which  are  obtained  either  directly  or  indirectly 
from  coal-tar : — 

♦  In  fUliiig  tUs  M  mj  beli«f,  I  do  not  pretend  to  pronoance  vhsi  whrtanoaa  ava 
to  be  regaided  tf  abnonnal  oltlior  to  TigeftAblM  in  goneial,  or  to  otttain  ipocieo  in 

p&rticnlar. 

Tho  Ute  invcpticrationB,  carried  on  by  mean*?  of  the  Bpectrum,  have  shown,  that  even 
lithia  is  normally  preHCnt  in  the  ashes  of  tobacco  ;  and,  from  the  experiment  of  the 
Prince  of  Sal m  Hort^tmar,  ulludcd  to  in  p.  214,  it  might  be  coiyectored  that  thi« 
alkali  ira^  present  in  plants  generally. 

OopperalaowM  deteetod  in  tli«m,ae6ail7  as  1816,  byDr.Hnpnor  (too  Sewlieis* 
ger'8  Journal),  and  by  Sarsean,  in  eleven  difTeront  kindly  in  1830.  (Jonmal  de 
Pharmacie.)  These  latter  statements,  indeed,  have  been  called  in  question  by 
Danger  and  Flandin;  but  they  appear  to  be  substantiated  by  the  later 
researches  of  Dr.  Odling,  recorded  in  the  "  Guy's  Hospital  Keports,  ISSS." 

The  latter  found  eopper  in  Hmm,  in  grain,  in  the  ttisw  of  wheat  and  barley,  in 
ntangel-wvnel,  and  in  Swedidi  tandpi^  aa  well  aa  in  a  variety  of  animal  imhitancoa. 
But  the  quantity  discovered  in  tbeae  instances  was  so  minute  aa  to  lend  no  counte- 
nance to  the  idea,  that  so  large  an  amount  of  sulphate  of  copper  as  that  takrn  up  l»v 
plants  in  the  cases  rojwrted  by  SausHurc.  oould  have  found  ite  way  into  their 
organism,  if  the  yitality  of  the  roots  had  continued  unimpaired. 
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Aniline  and  its  Hoiuologiies^ 
Carbolic  acid, 
ChiDoline  or  Qainoline, 
Naphthaline,  and 
Pyrrole  bases. 

1.  AnUine. 

Aniline  was  diMiovered  in  1826b7  TJnTerdorben.  The  original 
method  employed  for  its  preparation  was  by  digesting  indigo  with 
hydrate  of  potassium,  and  subjecting  the  resulting  product  to 
distillation.  Aniline  was  also  obtained  from  the  basic  oils  of 
coal-tar.  But  the  process  which  is  now  employed  for  its  prcpai'a- 
tion  is  a  remarkable  instance  of  the  manner  in  which  abstract 
scientific  researcli  becomes  in  the  course  of  time  of  the  most 
important  practical  service. 

Benzole  was  discovered  by  Faraday,  who  obtained  it  from  oil 
gas.  After  this,  it  was  produced  by  distilling  benzoic  acid  with 
baryta,  wliicli  result  determined  its  formula,  and  was  the  cause  of 
its  being  called  benzole.  After  this,  Mansfield  found  it  to  exist 
very  abundantly  in  common  coal-tar  naphtha^  if  hich  is  the  sonroe 
from  which  it  is  now  obtained  in  very  large  quantities. 

Benzole,  when  studied  in  the  laboratory,  was  found  to  yield, 
under  the  i  n fluence  of  nitric  acid,  nitrobenzole.  Z  i  n  i  n  afterwards 
discovered  the  remarkable  reaction  which  sulphide  of  ammonium 
exerts  upon  nitrobensole,  conyerting  it  into  aniline;  and,  lastly, 
B^champ  found  that  nitrobenxole  was  converted  into  aniline  when 
submitted  to  the  action  of  ferrous  acetate.  It  is  B^champ's  pro- 
cess which  is  now  employed  for  the  preparation  of  aniline  by  the 
ion.  Had  it  not  have  been  for  the  investigations  briefly  cited 
above,  the  beautiful  aniline  ooloun,  now  so  extensively  employed, 
would  still  be  unknown. 

When  I  discovered  aniline  purple,  nitrobenzole  and  aniline  were 
only  to  be  met  with  in  the  laboratory.  In  fact,  half  a  pound  of 
aniline  was  then  esteemed  quite  a  treasure;  and  it  was  not  until  a 
great  deal  of  time  and  money  had  been  expended,  that  I  succeeded 
in  obtaining  these  substances  in  large  quantities,  and  at  a  price 
sufficiently  low  for  commercial  purposes. 

The  colouring  matters  obtainable  from  aniline  are  numerous. 
They  are  the  following : — 
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Aniline  Purple. 
Violinc. 
Rosine. 
Fiischine. 


Alpha-aniliuc  Purple. 
Bleu  de  Paris. 
Nitrazophenylinc. 
Dinitraniline. 


and  NitrophenylcDe-diamine. 


Anilinb  Pitepu. 


Generally  known  as  Tynan  Purple,  Mauve  dye,  Phenatnineg 

Indisitie,  &fc. 

It  has  been  known  for  many  years  that  the  hypochlorites  react 
on  aniline  and  its  salts,  producing  a  purple  solution.  In  fact, 
hypochlorites  are  the  distinguishing  test  for  aniline;  but  nothing 
definite  was  known  of  the  nature  of  this  purple  solution,  it  being 
simply  stated  that  aniline  produced  with  hypochlorites  a  purple 
liquid,  but  that  its  colour  was  very  fugitive. 

As  many  very  absurd  statements  have  been  made  respecting 
the  discovery  of  aniline  purple,  I  will  just  briefly  mention  how  it 
was  that  I  first  became  acquainted  with  it. 

In  the  early  part  of  1856,  I  commenced  an  investigation  OD.  the 
artificiaL  formation  of  quinine.  To  obtain  this  base,  I  proposed  to 
act  on  tohiidine  with  iodide  of  allyl,  so  as  to  form  allyl-toliiidine^ 
whidi  haa  the  formula : — 


thinking  it  not  improbable  that  by  oxidising  this,  I  might  obtain 
the  desired  result,  thus : — 


For  this  purpose,  I  mixed  the  nentral  sulphate  of  aUyl-toluidine 
with  biphromate  of  potassium ;  hut,  instead  of  quinine,  I  obtained 
a  dirty  reddish,  brown  precipitate.  Nevertheless,  being  anxious  to  - 
know  more  about  this  curious  reaction,  I  proceeded  to  examine  a 
more  simple  base  under  the  same  circumstances.  For  this  pur* 
pose  I  selected  aniline,  and  treated  its  sulphate  with  bichromate 
of  potassium.   This  mixture  produced  nothing  but  a  very  on- 
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promising  black  precipitate  ;  but,  on  investigating  tbis  precipitate, 
I  found  it  to  contain  tliut  subsLaacc  uhich  is  now,  I  may  say,  a 
commercial  necessity,  namely,  aniline  purple. 

The  method  adopted  for  tbc  preparation  of  aniline  pnrple  is  as  • 
follows  : — Solutions  of  equivalent  proportions  of  sulpliate  of  aniline 
and  bichromate  of  potassium  are  mixed  and  allowed  to  stand  till 
the  reaction  is  complete.  The  resulting  black  precipitate  is  then 
thrown  on  a  filter  and  washed  with  water,  until  free  from  sulphate 
of  potassium.  It  is  then  dried.  This  dried  product  is  afterwards 
digested  several  times  with  coal-tar  naphtha  until  all  rednons 
natter  is  separated,  and  the  naphtha  is  no  longer  coloored  blown. 
After  this  it  is  repeatedly  boiled  with  alcohol  to  extract  the 
colouring  matter.  This  alcoholic  solution  when  distilled  leaves 
the  colouring  matter  at  the  bottom  of  the  retort,  as  a  beautiful 
brome-cdionred  substance. 

Before  speaking  further  of  the  colouring  matter,  I  will  just 
describe  the  secondary,  or,  more  properly,  the  primary  products  of 
the  action  of  bichromate  of  potassium  on  sulphate  of  aniline,  as 
nearly  mne-tenths  of  tiie  aniline  employed  in  the  preparation  of 
aniline  purple  are  converted  into  these  useless  substances. 
■  These  products  are  two  in  number,  nauiely,  the  resinous  matter 
which  is  separated  from  the  black  precipitate  by  meaus  of  conl-tar 
naphtha,  and  the  residue  which  is  left  after  the  colouring  matter 
has  been  extracted.  The  resinous  matter,  when  separated  from  the 
coal-tar  naphtha,  consists  of  a  brownish  black  pitch,  which  is 
fusible  when  heated.  It  is  soluble  in  alcoliol^  ether,  turpentine, 
bisulplndc  of  carbon,  and  many  similar  solvents.  It  possesses  one 
remarkable  property,  viz.,  that  when  its  solutions  in  hydrocarbons 
are  acidified  with  strong  acids  and  well  agitated,  all  the  resinous 
matter  is  thrown  out  of  solution  and  precipitated.  Alkalies  render 
it  soluble  again.  These  facts  would  make  it  appear  to  be  a  weak 
organic  base. 

This  substance  contains  about  10  per  cent,  of  nitrogen.  It 
dissolves  in  fbming  nitric  acid,  and  by  ebuUttion  yields  a  yellowish 
brown  add.  Anhydrous  bichloride  of  tin,  when  heated  with  it, 
does  not  yield  any  colouring  matter. 

The  rcHndue  which  is  left  after  the  colouring  matter  has  been 
separated  is  a  purplish  black  powder.  It  contains  about  30  p.c. 
of  oxide  of  chromium.  It  is  insoluble  in  all  solvents,  with  the 
exception  of  strong  acids,  and  is  remarkable  for  the  readiness  with 
which  it  takes  fire.    It  has  been  used  for  the  manufacture  of 
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black  paint  and  printer's  ink.  Ab  it  contains  large  qoantitiea  cf 
carbon  and  oxide  of  chfomiom,  it  ironld  fbnn  a  most  Talnable 
product  for  the  preparation  of  anb/droos  chloride  of  cbimninm. 
The  aniUne  purple  prepared  according  to  the  process  just 

described,  although  suitable  for  practical  purposes,  is  not  chemi- 
cally pure.  If  required  pure,  it  is  best  to  boil  it  iu  a  huge 
quantity  of  water,  then  filter  the  resulting  coloured  solution,  and 
precipitate  the  colouring  matter  from  it  by  means  of  an  alkali. 
The  precipitate  thus  obtained  should  be  collected  upon  a  filter, 
washed  with  water  until  free  from  alkali,  and  dried.  When  dry  it 
is  to  be  dissolved  in  absolute  alcohol,  the  resulting  solution  filtered^ 
and  then  evaporated  to  dryness  over  the  water  bath. 

Thus  obtained,  aniline  purple  appears  as  a  brittle  substance 
having  a  beautiful  bronBCK^oloured  surfiioej  but  if  some  of  its 
alcoholic  solution  be  evaporated  on  a  glass  plate,  and  viewed  Ijy 
transmitted  lights  it  appears  of  a  beautiful  bluish  violet  colour. 
If  considerable  quantities  .of  an  alcobc^  solnticni  of  the  colooriiig 
matter  oontaining  a  little  irater  be  evaporated  to  diynessy  the 
surfhoe  of  the  colouring  matter  next  to  tbe  evaporating  diab^  often 
exhibits  a  golden  green  appearance  wben  detailed. 

Aniline  purple  is  difficultly  soluble  In  cold  water,  altbongb  it 
imparts  a  deep  purple  colour  to  that  liquid:  it  is  more  soluble  in 
hot  water ;  but  its  hot  aqueous  solution,  when  left  to  cool,  assumes 
the  lorin  of  a  purple  jelly.  It  is  very  soluble  in  alcohols,  though 
nearly  insoluble  in  ether  and  hydrocarbons.  Aniline  dissolves  it 
readily.  In  properties  it  seems  to  be  slightly  basic,  as  it  is  more 
soluble  in  acidulated  than  in  pure  water.  Alkalies  and  saline 
substances  precipitate  it  from  its  aqueous  solutions  as  a  dark 
purplish  black  powder.  Bichloride  of  mercury  precipitates  it  in  a 
very  finely  divided  state.  A  little  of  this  precipitate  (which 
appears  to  be  a  double  compound  of  chloride  of  mercury  and 
colouring  matter)  when  suspended  in  water,  and  viewed  by  trans- 
mitted lights  appears  of  a  blue  or  vicdet  colour. 

A  small  quantity  of  hydrate  of  potassium  oar  sodium  added  to 
an  akobolic  aolution  of  the  edouring  matter  causes  it  to  assnme  a 
violet  tint,  but  without  effecting  any  change  in  the  colouring 
matter  itself.  Ebollitioii  with  alcdidio  potosh  does  not  decom- 
pose it. 

Aniline  purple  dissolves  in  concentrated  sulphuric  acid,  forming 
a  dirty  green  solution  whieh_,  when  slightly  diluted,  assumes  a  beau- 
tiful blue  colour ;  excess  of  water  restores  it  to  its  original  purple 
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eolonr.   It  may  even  be  heated  for  an  hour  to  lOO^'C.  with  Nord- 

hausen  sulphuric  acid  ^vithout  suffering  decomposition,  being 
restored  to  its  onguiui  colour  by  means  of  water,  and  possessing 
precisely  the  same  properties  it  had  before  being  subjected  to  this 
powerful  agent.  Hydrochloric  acid  acts  upon  it  in  the  same 
manner  as  sulpliuric  acid.  It  is  decomposed  by  chlorine,  and  also 
by  fuming  nitric  acid.  Bichloride  of  tin  is  without  action 
upon  it. 

Powerful  reducing  agents  have  a  peculiar  action  upon  this 
oolouring  matter,  somewhat  analogous  to  the  action  of  redoimig 
•gents  on  indigo.  An  alcoholic  solution  of  sulphide  of  ammonium 
mixed  with  an  alcoholic  solution  of  aniline  purple^  causes  it  to 
asfome  a  palc^  brownish  tint.  This  solution^  when  brought  in 
contact  with  the  atmospherei  instantly  recovers  its  original  beauty 
and  intensity  of  oolour.  An  alooholio  lolation  of  the  ooloniing 
matter  mixed  with  a  little  pfotoxide  of  iron,  changes  to  a  pale 
brown  colour.  This  solution  also  becomes  pur^  when  exposed 
to  the  action  of  the  atmosphere;  sulphuxons  acid  does  not  aflbct 
the  colour  of  this  substance. 

Aniline  purple  forms  a  remarkable  compound  with  tannin. 
"When  an  aqueous  solution  of  it  is  mixed  with  a  solution  of 
tannin,  precipitation  takes  place.  The  precipitate  thus  formed 
after  having  been  well  washed,  no  loii*]:er  possesses  the  properties  of 
the  pure  colouring  matter.  It  is  iusolublc  in  water.  Like  the 
pure  aniline  purple,  it  dissolves  in  concentrated  sulphuric  acid, 
forming  a  dirty  green  liquid ;  but  on  adding  an  excess  of  water  to 
this  solution,  the  new  compound  is  precipitated  unchanged ;  this 
compound  is  rather  duller  in  colour  than  the  pure  colouring 
matter  itself 

Aniline  purple,  when  agitated  with  a  little  moist  binoxide  of 
lead,  is  transfimned  into  ronne.  It  is  remaikable  toac  its  intensity 
of  cdour,  a  few  grains  of  it  colouring  a  considerable  quantity  of 
spirits  of  wine. 

VtoitKC^This  colouring  matter,  whidi  is  a  product  of  the 
oxidation  of  aniline,  was  first  obtained  by  Dr.  D.  Price,  who 
prepares  it  by  heating  an  aqueous  liquid  containing  two  equiva- 
lents of  sulphuric  acid,  and  1  eq.  of  aniline  to  the  boiling  point, 
and  then  adding  1  e(|.  of  binoxide  of  lead,  boiling  the  mixture 
for  some  time,  and  filtering  it  while  hot.  Tlic  filtrate,  which  is 
of  a  dark  purple  hue,  is  boiled  with  potash,  both  to  separate  the 
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excess  of  aniline,  and  also  to  precipitate  the  colouTing;  matter ; 
when  all  the  free  aniline  has  volatilized,  the  residue  is  thrown  on 
a  filter  and  slightly  washed  with  water,  and  then  dissolved  in.  a 
dilute  solution  of  tartaric  add.  This  solution,  after  filtration,  ia 
evaporated  to  a  small  bulk,  re-filtered,  and  then  precipitated  by 
means  of  an  alkali. 

Thus  obtained,  vialinc  presents  itself  as  a  blackish  purple  pow- 
der, \vhich  when  dissolved  in  alcohol  and  evaporated  to  drync»9, 
appears  as  a  brittle  bronzo-colonrcd  substance,  similar  to  aniline 
purple,  but  possessing  a  more  copper-coloured  reflection.  It  is  even 
less  soluble  in  water  than  aniline  purple.  It  is  very  soluble  in 
alcohol,  but  insoluble  in  ether  and  hydrocarbons.  Its  solutions 
possess  a  colour  somewhat  similar  to  that  of  the  field  violet* 
Concentrated  sulphuric  add  dissolves  it,  forming  a  green  solution, 
but  excess  of  water  restores  it  to  its  original  colour. 

The  colour  of  violine,  like  that  of  aniline  purple,  is  destroyed 
by  reducing  agents,  but  restored  by  the  action  of  the  atmosphere. 
Tannin  produces  an  insoluble  compound  with  it.  W&en  agitated 
with  a  small  quantity  of  binozide  of  lead,  it  is  converted  into 
aniline  purple ;  excess  of  this  re-agent  changes  it  into  roseine. 

BosEiNE. — This  substance  almost  always  acoompaniea  anilino 
purple,  though  in  very  small  quantities.  It  was  first  noticed 
publicly  by  C.  Greville  Williams,  and  afterwards  by  Dr.  D. 

Price.  AVillianis  used  manganates  for  its  preparation,  but 
Dr.  D.  Priec  prepared  it  l)y  means  of  binoxido  of  lead;  his  pro- 
cess is  ns  follows.  To  a  l)oiling  solution  of  1  equivalent  of  sulphate 
of  aniline,  2  equiv:iU  uLs  of  binoxide  of  lead  are  addi  d,  and  the 
mixture  is  boiled  for  a  short  time.  The  rose-coloured  solution  is 
then  filtered,  aiul  the  hltrate  evaporated  to  a  small  bulk,  which 
causes  a  certain  amount  of  resinous  iviutter  to  separate.  This 
evaporated  solution  is  then  hltered,  and  the  colouring  matter 
precipitated  by  means  of  an  alkali;  it  is  then  collected  on  a 
filter,  slightly  waslied,  and  then  dried.  The  colouring  matter 
thus  prepared  n-'adily  dissolves  in  alcohol,  forming  a  fine  crimson - 
coloured  liquid  which,  when  evr.poratcd  to  dryness,  leaves  tho 
colouring  matter  as  a  dark,  brittle  substance,  having  a  slightly 
metallic  reflection.  It  is  much  more  soluble  in  water  than  either 
aniline  purple  or  violine,  but  like  them,  it  is  insoluble  in  hydro- 
carbons, and  more  soluble  in  acid  than  in  neutral  liquids.  Coa* 
centrated  sulphuric  acid  dissolves  it,  forming  a  green  solution  ; 
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excess  of  water  restores  it  to  its  oriirinnl  colour.  It  forms  a 
compound  with  tanuiii,  and  is  ako  decolorized^  or  nearly  so,  by 
powerful  reducing  agents. 

The  three  colouring  matters  just  mentioned,  viz.,  aniline  purple, 
violinc,  and  roseine^  arc  evidently  closely  allied,  for  they  have 
nearly  the  same  properties.  They  are  all  formed  under  similar 
circumstances,  namely,  by  the  action  of  oxidizinj^  agents  in  the 
presence  of  water.  They  arc  all  slightly  soluble  in  water,  though, 
as  the  shade  of  colour  becomes  redder^  so  does  their  Bolubiiity 
increase.  Alkalies  precipitate  them  from  their  aqueous  solutions. 
Concentrated  sulphuric  acid  dissolves  them  all,  forming  green 
solutions,  which  excess  of  water  restores  to  the  original  colour  of 
the  colouring  matter ;  powerful  reducing  agents  deprive  them  of 
their  colour,  (or  nearly  so),  but  it  is  restored  by  the  influence  of 
oxygen;  and  lastly,  tannin  forms  insoluble  compounds  with 
them  aU. 

TVcHsiNE  OH  jVIagenta. — This  beautiful  product,  which  is  often 
improperly  called  roseine,  is  a  member  of  an  entirely  different 
series  of  compounds  to  the  foregoing,  being  formed  under  very 
different  circumstances,  and  possessing  very  different  properties. 
It  was  first  observed  by  Nat  an  son,  in  1850,  when  studying 
the  action  of  chloride  of  ethylene  on  aniline,  and  afterwards 
(shortly  before  it  was  practicfdly  introduced  into  the  arts),  by  . 
Dr.  Hofraann,  when  preparing  cyantriplienyl-diamine  by  the 
action  of  bichloride  of  carbon  on  aniline.  It  was  M.  Vcrguin 
who  first  brought  it  forward  as  a  dyeing  agent,  and  who,  I  bdieve, 
taught  numnfacturers  bow  to  prepare  it  on  the  large  scale. 

Fuchsine  is  invariably  formed  at  a  temperatore  ranging  from 
170''  to  190*^0.  It  is  produced  from  anilhie,  by  the  action  of 
reducible  ddortnised^  bixmunized,  iodised,  or  fluofized  substances, 
as  well  as  by  wetk  oxidising  agents.  The  substances  generally 
used  for  its  preparation  on  .the  lai^e  scale,  are  the  perehlorides  of 
tin  and  of  mercury,  and  the  nitrates  of  mercar/. 

Preparation  of  Fuchsine  by  the  action  of  Bichloride  of  Tin  on 
Aniline. — Aniline  combines  with  bichloride  of  tin,  evidently 
producing  a  double  compound;  this  product  is  a  whitish  substance, 
and  may  be  prepared  by  adding  to  aniline  bichloride  of  tin  in  the 
anhydrous  state,  or  dissolved  in  water.  Anhydrous  bichloride  of 
tin  combines  with  aniline  with  great  energy  to  form  this  compound. 

To  prepare  fuchsine  from  the  double  compound,  it  is  necessary 
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that  it  should  bo  free  from  w^tcr,  or  nearly  bo:  hence  anhydrous 
bichloride  of  tin  ifj  peuerally  employed  for  its  preparation.  The 
process  adopted  is  as  follows. — Anhydrous  bichloride  of  tiu  is 
slowly  added  to  an  excess  of  aniline,  the  mixture  being  constantly 
stirred,  and  the  pasty  mass  thus  formed  gradually  heated.  As  the 
temperature  increases,  it  becomes  quite  liquid,  and  also  brown  in 
colour.  As  soon  as  the  temperature  nearly  approaches  the  boiling 
point  of  the  niixturo,  it  rapidly  changes  to  a  blark-looking  liquid, 
which,  when  viewed  in  thin  layers,  presents  a  rich  crimson  colour. 
This  is  kept  at  its  boiling  point  some  time,  and  then  well  boiled 
with  a  large  qnantity  of  water ;  by  this  means,  the  principal  part 
of  the  colouring  matter  is  extracted,  together  with  considerable 
qiiaatitieB  of  hydrochlorate  of  aniline.  The  residue  is  a  solid,  of 
a  brown  colour,  and  contains  considerable  quantities  of  tin  in  the 
form  of  a  proto-compound. 

The  aqueous  solution  of  the  colouring  matter  and  hydrodilo- 
rate  of  aniline  is  then  boiled,  so  as  to  Tolatiliae  any  free  aniline 
it  may  ccmtain,  and  tlien  saturated  with  chloride  of  sodium.  The 
chloride  of  sodium  'causes  the  colouring  matter  to  separate  as  a 
semi-solid  pitchy  substance,  of  a  golden-green  aspect,  while  the 
hydrochlorate  of  aniline  remains  in  solution.  The  colouring 
matter  thus  obtained  may  be  further  purified  by  digestion  with 
benzole,  which  dissolves  out  a  ceHain  amount  of.  resinous 
matter. 

Preparation  of  Fuchsine  by  the  action  of  Mercurous  Nitrate  om 
Aniline. — When  mercurous  nitrate  is  left  in  contact  with  aniline 
for  some  time,  it  forms  a  white  pasty  mass,  but  when  care- 
fully heated  to  170°C.  or  180°C.,  it  reacts  upon  it,  forming  a  brown 
liquid,  which  gradually  changes  to  a  dark  crimson ;  at  the  same 
time  the  whole  of  the  metal  of  the  mercury-salt  collects  at  the 
bottom  of  the  vessel.  This  product,  when  separated  from  the 
metaUio  mereoiy^  and  allowed  to  cool,  beoomea  semi-salid|  being 
fiHed  witii  crystsls  of  nitrate  of  aniline. 

To  purify  this  prodnct,  it  is  best  to  dissolve  oat  tiie  nitrate  of 
aniline  it  contains  in  a  small  quantity  of  odd  water,  and  then  to 
boil  the  vemsining  product  several  times  with  fresh  qnsntities  of 
water,  until  the  principal  portion  of  the  odiouring  is  eztraeted,  and 
filtering  the  resulting  aqueous  solutions  while  hot.  On  cooling, 
these  solutions  deposit  the  colouring  matter  as  a  golden  green  tarry 
substance,  from  which  benzole  separates  a  small  quantity  of  a 
brown  impurity,  leaving  the  colouring  matter  as  a  brittle  solid. 


Digitized  by  Google 


PEBIVSD  M&OU  GOAL  TAB.  239 

I  have  briefly  described  the  above  processes,  because  they  may,  to 
some  extent,  be  regarded  as  types  of  most  of  the  methods  em- 
ployed for  the  production  of  this  colouring  matter,  the  first 
representing  its  formation  by  the  action  of  reducible  chlorides 
upon  aniline,  and  the  latter,  by  the  influeuce  of  weak  oxidiziDg 
agents  upon  aniline. 

Fuehsine  ia  undoubtedly  an  organic  base,  and  a  more  powerful 
one  than  is  generally  supposed.  The  product  obtained  from 
aniline  by  means  of  bichloride  of  tin,  is  the  hydrochlorate  of 
focfasine,  and  that  obtained  by  the  oxidizing  action  of  nitrate  of 
mercury  is  the  nitrate  of  fuehsine. 

FuohfliBe  la  separated  from  its  salts  by  precipitation  with  a 
small  quantity  of  ammonia. 

When  freshly  precipitated,  it  is  a  red,  bnlky  paste,  wbicb, 
on  drying,  oont^acts  to  a  pnrplisb  red  powder.  It  is  but  sparing 
soluble  in  water,  though  moderately  soluble  in  alcohol;  it  is  insoluble 
in  ether  and  hydrocarbons.  A  small  q[nantity  of  hydrochloric  acid 
causes  it  to  dissolve  freely  in  hot  water,  but  an  excess  of  dther 
hydrochloric  or  sulphuric  acid  dissolves  it,  forming  a  brownish 
yellow  liquid,  from  which  ammonia  separates  it  unchanged ;  by 
this  reaction  it  may  be  distinguished  from  roscinc,  which  dissolves 
in  strong  sulphuric  acid,  producing  the  green  liquid  pre  viously 
mentioned.  Caustic  alkalies,  or  ammonia  in  excess,  partially  pre- 
cipitate fuehsine  from  its  salts,  but  at  the  same  time,  dissolA  a 
considerable  quantity  of  it,  forming  nearly  colourless  liquids. 
Acetic  acid  added  to  tlicsc  alkaline  solutions  restores  the  colour 
of  the  fuehsine,  and  if  the  Uquids  are  concentrated,  this  base  pre- 
cipitates as  a  red  floculent  substance. 

An  aleohoHc  solution  of  fuehsine,  when  evaporated  to  dryness, 
leaves  the  colouring  matter  as  a  brittle  mass,  having  a  remaricably 
beautiful  golden-green  metallic  reflection. 

M«  B^ohamp  has  analysed  carefully  prepared  specimens  of 
fncbsine,  and  found  it  to  have  the  formula:  O^^i^fi,  the 
hydroohiMaAe  being  C,2H,,N30,HC1,  and  the  .  hydrocbloro- 
platinate,  whldh  is  a  purple  precipitate,  having  the  fomula 
C,iH,aNaO,HPtiDl3. 

The  existence  of  oxygen  in  tbls  base  is  remarkable;  because,  in 
many  instances,  it  is  produced  from  agents  whidi  do  not  contain  a 
trace  of  oxygen ;  as  for  example,  bichloride  of  tin  and  aniline. 
The  presence  of  oxygen  in  the  product  analysed,  leads  to  the  idea 
that  it  was  a  hydrate ;  thus— 
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B6ehamp'iifiidiiine.  Anhydnms 

ftiehiino. 

This  is  perhaps^  to  some  extent,  oonfinned  hj  tlie  fiust  that 
iodaniline  when  heated  yields  fbcbsine : 

2  [Ce(HeI)N]  «  C^^H^  +  2HI 

Iodaniline.  Anbiydrons 

fttdulae. 

But  supposing  the  fuclibiiiL*  examined  by  M.  Hccliampj  to  have 
been  a  hydrate,  it  is  remarkable  that  its  hydroclilorate,  and  more 
particularly  its  hydrocliloroplatinate,  should  also  be  hydrates. 
But,  as  our  knowledge  of  this  body  is  as  yet  but  scanty,  we  must 
wait  for  the  aceumiilatiou  of  facts  before  we  can  form  any  fixed 
opinion  rcspceting  its  constitution. 

The  compounds  investigated  by  ISf.  Bdchamp  appear  to  be 
uncrystallizablc.  Sometime  back  I  had  upwards  of  a  hundred 
gallons  of  a  hot  aqueous  solution  of  this  colouring  matter^  which 
had  been  prepared  by  means  of  nitrate  of  mercury.  This  solution^ 
on  standing  until  cold^  deposited  a  considerable  quantity  of  the 
'  colouring  matter  in  the  fom  of  small  octahedrons^  haring  a  moat 
beautiful  green  metallic  reflection. 

Eeducing  agents  decolorize  fuchsine  j  but  the  oxygen  of  the 
atmosphere  restores  it  to  its  original  tint.  If  an  alcoholic  solution 
of  fuchsine  be  left  in  contact  with  sulphide  of  ammonium  until 
decolorised  (or  nearly  so),  and  then  exposed  to  the  atmosphere,  its 
colour  is  immediately  restored ;  but  if  it  be  left  to  stand  for  several 
days,  and  then  subjected  to  the  atmosphere,  several  Iioui-s  elapse 
before  it  assumes  its  original  colour.  Like  aniline  purple,  fuchsiae 
is  a  very  intense  colouring  matter-. 

Tannin  precipitates  both  fuchsine  and  its  salts,  forming 
difiicultly  soluble  substances ;  bichloride  of  mercury  also  pre» 
cipitates  this  base  and  its  salts,  forming  double  compounds. 

When  fuchsine  is  prepared  ])y  means  of  bichloride  of  tin,  and 
more  particulai-ly  when  nitrate  of  mercury  is  used,  there  are  two 
other  colouring  matters  produced— one  possessing  an  orange  and 
the  other  a  purple  colour.  It  is  on  account  of  the  presence  of  the 
former  that  some  samples  of  commercial  fuchsine  possess  a  scarlet 
hue.  Of  this  orange  colouring  matter  scarcely  anything  is  known. 
It  is  not  precipitated  from  its  solutions  by  alkalies.   Of  the  purple 
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colouzing  matter  also  but  little  is  known.  It  is  formed  at  the 
same  time  as  fuchsine^  but  in  very  small  quantity^  and  is  difficult 
to  separate  perfectly.  Its  prop^ties  arc  similar  to  those  of 
fhchsine.  .It  dissolves  in  concentrated  sulphuric  add^  forming  a 
reddish  brown  solution,  from  whidi  part  of  the  ooloraing  matter  is 
separated  by  dilution  with  water.  Hydrochloric  acid  dissolves  it, 
forming  a  dirty  yellowish-red  liquid. 

Bliv  bk  pArniB.-— This  is  yet  another  colouring  matter^  produced 
under  circumstances  similar  to  those  which  give  rise  to  fuchsine. 

MM.  Pcrsoz,  V.  de  Luynes,  and  Salvetat  give  the  following 
account  of  its  prepaiation  and  properties : — 

Nine  grammes  of  anhydrous  bichloride  of  tin  and  16  grammes 
of  aniline,  heated  for  30  hours  to  a  temperature  of  about  180"  C, 
in  a  sealed  tube^  produce  neither  a  red  nor  a  violet,  but  a  very 
pure  and  lively  blue.  Tliis  blue,  which  resists  acids,  is  darkened 
in  colour  by  alkalies ;  but  passes  to  a  groselle  violet  when  sub- 
mitted to  this  agent  in  a  concentrated  state.  It  preserves  its 
beauty  of  colour  by  artificial  light,  and  it  dyes  animal  fibres  of  a 
shade  whose  beauty  leaves  nothiDg  to  be  desired. 

This  colouring  matter  crystallizes  from  its  alcoholic  solutions  in 
fine  needles,  having  an  aspect  similar  to  that  of  ammoniacal 
sulphate  of  copper.  It  is  soluble  in  water,  alcohol,  wood-spirit, 
and  acetic  acid,  but  insoluble  in  ether  and  bisulphide  of  carbon. 
"With  concentrated  snlpbnric  acid  it  forms  an  amber-coloured 
solution,  which  water  converts  into  a  magnificent  blue  liqyid. 
Strong  nitric  acid  decomposes  it.  Chromic  add  precipitates  it 
from  its  aqueous  solutions  without  decomposition.  Chlorine 
destroys  it.  Sulphurous  acid  does  not  decolorize  it.  I  find  that 
sulphide  of  ammonium  is  also  without  action  upon  it.  It  is  ]>rc- 
cipitated  from  its  aqueous  solutions  by  alkalies  and  saliuc 
compounds. 

Aniline-Green  ob  Embbaldinb, — ^Most  chemists  who  have 
worked  with  aniline  in  the  laboratory,  must  have  noticed  the 
peculiar  green  substance  which  forms  on  the  outside  of  the  various 

pieces  of  chemical  apparatus  which  have  been  standing  in  the 

vicinity  of  any  quantity  of  this  body;  this  product  is  anilino-grecu. 

Aniline-green  has  been  known  for  several  years.  It  may  be 
formed  by  various  processes.  One  process  consists  in  oxidizing 
auiiine  with  chloric  acid.   This  is  effected  by  mixing  a  hydro- 
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chloric  solution  of  aniline  with  chlorate  of  potaamnni.    It  may  also 

be  obtained  by  oxidizing  a  salt  of  aniline  with  ferric  chloride. 
Obtained  by  either  of  these  processes,  it  presents  itsc  If  as  a  dull 
green  precipitate,  which,  when  dried,  assumes  an  olive  green 
colour.  It  is  insoluble  in  water,  alcolK^l,  ether,  and  benzole. 
Sulphuric  acid  dissolves  it,  forniins  a  dirty  purple- coloured  solution^ 
from  which  it  is  precipitated  unchanged  by  water.  With  alkaline 
solutions  it  assumes  a  deep  colour,  somewhat  similar  to  indigo  ; 
but  aoids  restore  it  to  its  original  tint.  The  colour  of  anilinc- 
gieen  is  much  enliyeued  by  the  presenoe  of  an  exoew  of  acid ;  but, 
unliMrtunatelyj  M  soon  M  tlua  add  is  Tomoved,  it  passes  back  to  its 
normal  colour. 

TdLuidine,  zyUdine^  and  onmidin^  yield  odouiiiig  natters  under 
iSbB  influence  of  oiidising  agents,  and  also  whm  sobmitted  to  tiie 
action  of  reducible  chlorides  at  high  temperatures,  snalogoua  to 
those  obtained  from  aniline  under  similar  droumstaaces ;  but  the 
results  are  generally  not  so  good,  the  colour  of  the  producte 
becoming  tinged  wiUi  brown  as  the  bases  get  higher  in  tbe  series, 

NiTBoaoPHflNTLii»»-r-Thi8  remarkable  body  is  obtained  by  the 
action  of  nascent  bydrogen  on  an  alcoholic  solution  of  dimtro. 
bensble.  It  is  represented  by  the  formula  CgllgNj^O.  It  is  almost 
insoluble  in  water,  but  soluble  in  acids  and  in  alcohol,  producing 

crimson-culoured  solutions  ;  but  its  colour  is  not  nearly  so  brilliant 
as  that  of  fuchsine.  It  seems  gradually  to  decompose  when  kept. 
I  have  not  tried  any  experiments  with  it  as  regards  its  dyeiug 
properties. 

DiNiTRATaLiNE.  —  Dinitmniline  is  obtaind  by  decomposing 
dinitrophcnyl-citraconimide  with  carbonate  of  sodium.  "When 
pure  it  crystallizes  in  yellow  tables.  It  dissolves  very  sparingly 
in  watcr^  producing  a  yellow  liquid.   It  has  the  formula 

It  does  not  combine  with  acids  or  alkalies,  although  it  appears  to 
be  more  soluble  in  acidulated  than  in  pure  water. 
Silk  can  be  dyed  yellow  with  dinitraniline. 

NRBOrHBNTUHB-niAMXNBj  OR  NiTnAZOPHBNTLAMTIfB. — Dini. 

traailine»  when  submittod  to  the  action  of  sulphide  of  amiuo. 
nium^  changes  into  this  beautiful  base,  which  crystallizes  im 
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red  needles,  somewhat  similar  in  appearance  to  chxomio  acid.  It 
dissolves  in  water,  forming  a  yellow  or  orange-coloured  solution^ 
like  that  of  bichromate  of  potassium.  Alcohol  and  ether  dissolve 
it  freely.  It  is  not  at  all. like  fachsine  in  its  properties,  as  it  forms 
salts  of  a  yellovish  brown  or  grey  colour^  whereas^  fachsine  forms 
crimson  salts. 

This  base  poasesseB  the  power  of  dyeing  silk  a  ytsry  dear  golden 
yellow  colour. 

Picric,  or  TRixiTRornENic  Acid. — This  beautiful  acid  was 
discovered  by  Hausmann  as  early  as  1788.  It  may  be  obtained 
by  the  action  of  heated  nitric  acid  upon  a  great  variety  of  sub- 
stances. The  following  are  the  names  of  some  of  them  : — indigo, 
aniline,  carbolic  acid,  saligeninc,  salicyloiis  and  salicylic  acids, 
salicinc,  phlorizin,  cumarin,  silk,  aloes,  and  various  gum-resins. 
It  is  now  prepared  for  commercial  purposes  from  carbolic  acid^  and 
also  from  certain  gum-resins. 

I  have  successfully  prepared  it  from  carbolic  acid  on  the  large 
scale  in  the  following  manner : — As  strong  nitric  acid  acts  very 
violently  when  brought  in  contact  with  carbolic  add^  I  hare  found 
it  best  to  nse  an  add  having  a  gravity  below  1*8,  so  as  partially 
to  convert  the  carbolic  acid,  and  afterwards  to  boil  it  in  stronger 
acid  to  change  it  into  picric  add.  On  diluting  the  add  solution, 
the  impure  picric  add  predpitates.  To  purify  this  ftirtber,  it 
should  be  crystallised  from  boiling  water. 

When  preparing  this  product  for  commerdal  purposes,  it  is 
adTantageous  to  let  all  the  nitrous  fumes  fbrmed  in  its  preparation, 
together  with  a  certain  amount  of  atmospheric  air,  pass  over  a  fresh 
quantity  of  carbolic  acid :  this  will  absorb  them,  and,  at  the  same 
time,  be  converted  into  nitro-  or  dinitro-phcnic  acid,  and  conse- 
quently diminish  the  quantity  of  nitric  acid  required  for  its  manu- 
facture. 

In  the  preparation  of  picric  acid  from  carbolic  acid  there  is 
always  a  quantity  of  a  yellow  resinous  matter  produced,  and  at 
times  a  considerable  quantity  of  oxalic  acid.  The  latter  is  always 
produced  when  the  add  which  is  used  to  finally  convert  the 
carbolic  add,  is  too  weak :  for  then  it  rapidly  decomposes  the  picric 
acid,  yielding  carbonic  and  oxalic  acids. 

Picric  acid  was  introduced  as  a  yellow  dye  about  five  or  six  years 
since  by  Messrs.  Guinoa,  Marnas^  and  Bonney,  <«*in<yn^  silk- 
dyers,  of  Lyons.  Many  of  the  diei^  products  sold  of  picric  add 
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are  of  a  brown  colour,  and  consist  of  impure  di-  and  tri-nitrophenic 
acids,  and  sometiiues  of  this  crude  px>duct  and  ^ound  tonueric 

EosojLic  Acid. 

Riinge  first  noticed  this  substance  in  1831,  when  studying 
creosote;  but  it  Avas  almost  lost  sight  of,  until  again  observed  bv 
Dr.  Hugo  Miiller,  only  a  short  time  since.  lie  accidentally 
observed  that  when  crude  pbcnate  of  calcium  is  exposed  to  a 
moist  heated  atmosphere,  as  that  of  an  ordinary  drying  stove,  it 
gradually  changes  in  colour,  and  assumes  a  dark  red  tint.  This 
coloration  is  due  to  the  formation  of  rosolate  of  calcium.  (I  have 
lately  heard  that  phenate  of  sodium  undergoes  a  similar  changa) 
Dr.  MUUer's  mode  of  preparing  roaolie  acid  from  this  prodoc^ 
and  his  descriptioii  of  its  propertiesy  aie  given  in  his  paper 
published  in  this  Joumalj  vol.  xij  p.  1 ;  it  is  therefore  unneoeaaaiy 
to  rcpeat^them.* 

Mr.  Duppa  and  myself,  when  investigating  some  of  thederi- 
vatives  of  acetic  acid,  found  that  when  phenic  acid  and  brom- 
acctic  acid  were  heated  together  at  120°C.,  two  products  were 
formed,  one  possessing  all  tbe  properties  of  rosolie  acid,  while  the 
other  had  the  cliaructer  of  brunolic  acid.  AVe  also  found  that  a 
mixture  of  iodine  and  carbolic  acid,  when  heated  with  formic, 
acetic,  butyric,  or  valerianic  acids,  produced  rosolie  acid  or  a 
similar  substance.  A  mixture  of  carbolic  acid  and  iodine  did  not 
give  a  similar  result,  but  a  black  solid  containing  iodine. 

liosolic  acid  has  lately  been  prepared  oa  the  large  scale,  ami 
employed  for  the  purpose  of  printing  muslins.  I  believe  it  was 
the  rosolate  of  magnesium  that  was  employed  for  this  purpose.  I 
do  not  think  it  is  now  used,  having  been  replaced  by  the  more 
beantifttl  colouring  matter,  fiichsine.  It  was  fixed  by  mem  ^ 
albumin.- 


CoLOURiNO  Matters  op  Quinolixe  or  Chixoltne. 

Chinoline  is  found  associated  with  lepidinc,  cryptidinc,  ai'^ 
other  of  the  higher  nitrile-bases  in  the  hn^\c  oils  obtained  ii'O'^ 
coal  tar,  and  also  in  the  products  obtained  by  distilling  cincbonine 
with  caustic  alkalies.   It  was  preriously  termed  leueoUne  or 

♦  See  also  THchclnitz  (J.  pr.  Chcm  Ixxi:  116;  and  B^AngaS  Sffiiibt  ^ 
Mfl^  (4)  xiii,  45 ;  Jahresbericht  d.  CUcm.,  1857,  p.  447. 
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guinoUne,  but  the  substance  described  under  tbese  two  names  was 
Ibund  to  contain  three  or  more  distinct  bases.  These  have  been 
studied  by  C.  Greyille  Williams,  who  has  applied  the  name 
chinolme  to  the  product  which  forms  the  principal  part  of  the 
impure  substance  originally  termed  quinoline.  The  substance 
used  for  the  production  of  colouring  matters  need  not  be  pure 
chinoliiie,  as  the  product  origiually  termed  quiuoline  is  of  sufficient 
purity  for  this  purpose. 

Cinchonine  appears  to  be  the  best  source  of  chinoline,  yicldiiicf, 
when  distilled  witli  excess  of  caustic  alkali,  65  per  cent,  of  this 
body  sufficiently  pure  for  manufacturing  purposes. 

Chinoline  yields  three  colourin;^  matters — a  violet,  a  blue^  and 
a  green.  The  following  is  an  account  of  their  preparation  by 
Greville  Williams: — 

In  order  to  procure  the  blue  colour,  one  part  by  weight  of 
chinoline  is  to  be  boiled  for  ten  minutes  with  one  and  a  half  parts 
of  iodide  of  amyl.  Tlie  mixture  from  being  straw-coloured  be- 
comes deep  reddish  brown,  and  solidifies  on  cooling  to  a  mass  of 
crystals.  This  product  of  the  reaction  is  to  be  boiled  for  ten 
minutes  with  about  six  parts  of  water,  and,  when  dissolved,  filtered 
through  paper.  The  filtered  liquid  is  to  be  gently  boiled  in  an 
enamelled  iron  pan  over  a  small  fire,  and  excess  of  ammonia  gra- 
dually added.  The  ebullition  may  be  prolonged  with  advantage 
for  one  hour,  the  evaporation  of  the  liquid  being  compensated  for 
by  the  gradual  addition  of  weak  solution  of  ammonia.  The  latter 
may  be  prepared  by  tlic  admixture  of  equal  volumes  of  ammonia 
of  density  0*880  and  distilled  water.  The  hour  having  elapsed 
the  whole  is  allowed  to  cool,  when  the  colour  will  almost  entirely 
have  precipitated,  leuving  the  supernatant  liquid  nearly  eolourlcss. 
On  pouring  the  fluid  away  (preferably  throu^^h  a  filter,  in  order  to 
retain  flontin*;  particles  of  enlour)  the  dish  will  bo  found  to  contain 
resinous  looking  masses  which  dissolve  readily  in  alcohol,  yielding 
a  rich  purplish-blue  solution  which  may  be  filtered  and  kept  for 
use. 

The  colour  prepared  as  above  is,  as  has  been  said,  of  a  purplish 
tint,  but  if  a  purer  blue  be  required,  the  following  modification  is 
to  be  resorted  to.  The  filtered  aqueous  solution  of  hydriodate  of 
amyl-chinoUne  is,  as  before,  to  be  brought  to  the  boiling  tem- 
perature, but  instead  of  adding  ammonia^  a  solution  of  caustic 
potash,  containing  about  one-fifth  of  its  weight  of  solid  potash,  is  to 
be  substituted.  The  addition  is  to  be  continued  at  intervals  until 
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three-fourths  as  much  pota8h  has  been  added  as  is  eqaivalent  to 
the  iodine  in  the  iodide  of  amyle  used.  The  fluid  may,  after  a 
quarter  of  an  hour'B  ebnUitioni  be  filtered  to  separate  the  rednoua 
eoloor.  13ie  pvodnet  is  a  goi^seoiui  blue  witii  tcarody  any  ahade 
of  red.  On  adding  the  other  fourth  of  potaeh  to  the  filtrate  whale 
gently  boiling,  a  black  mass  irill  be  precipitated  containing  aU  the 
redj  which  otherwise  would  have  been  mixed  with  the  bine,  Tlda 
mass  dissoWes  readily  in  alcohol^  yielding  a  rich  purple  ablatkm, 
containing,  however,  an  excess  of  red.  The  alcoholic  solution  on 
liltration  loaves  on  the  liltcr  a  dark  mass  soluble  in  ])cnzolc,  and, 
as  sometimes  prepared,  affording  a  brilliant  emerald-green  solution, 
of  great  beauty.  It  is  not  always  easy  to  obtain,  this  green 
colour. 

The  properties  of  chinoline-violet  and  chinoline-blue  are,  as  far 
as  I  have  been  able  to  ascertain,  identical.  They  are  resinous 
substances  which  present  a  coppery  appearance  by  reflected  light, 
but  when  in  very  thin  layersy  appear  of  a  violet  or  blue  colour  by 
transmitted  light.  They  are  bases,  and  dissolve  in  acids,  forming 
pale  red  sdationB,  which  ammonia  restores  to  their  original 
odours.  Hi^are  slightly  soluble  in  hot  water.  Tannin  preci* 
pitates  them  team  their  aqueous  solutions,  apparently  fimning  an 
insoluble  compound.  Beducing  agents  do  not  affect  their  shade 
of  colour. 

Chiiioline  green  is  described  by  Greyille  Williams  as  having 
a  brilliant  emerald-green  colour  of  great  beauty.   I  have  obeerred 

that  when  chlorine  is  passed  through  an  alcoholic  solution  of 
chinoliue  blue,  it  changes  into  a  green ;  but  whether  this  is  the 
green  spoken  of  by  Williams,  I  am  unable  to  state. 


Naputualine  Coloub6« 

The  beautiiul  hydrocarbon^  naphthaline,  which  has  yielded  auch 
a  long  category  of  substances  to  the  chemist^  has,  up  to  the  present 
time,  yielded  nothing  of  practical  importance  to  the  dyer.  From 
It  the  following  coloured  deriyatives  have  been  obtained,  namely, 
-ehloroxyfu^hihoMc  add,  perMirotpyfu^htkaUe  iteldy  earnwM^kiha, 
mmplUhdUmme,  nUrosoM^MhaUn,  naphihamem,  and  a  body  of  a 
purple  cohwr. 
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CHLOaOXnrAPBVHALIC  and  PimOHKOBOmrAyBTHALIO  Aci]M<— • 

These  adds  were  disoowed  by  Laurent*  They  are  produced 
by  digeating  tiieir  chlorides^  namely^  the  chloride  of  diknroxy* 
naphthyl  and  the  chloride  of  perehlcvoxynaphthyl  with  an  aloo* 
hoKc  solution  of  hydrate  of  potassium.   They  appear  to  he  Tcry 

difficult  substances  to  obtain  in  quantity.  I  have  not  obtained 
satisfactory  results  when  endeavouring  to  prepare  them ;  they 
have  the  formulae  Cio(H5Cl)03  and  Cjo(HCl5)03  respectively. 
They  are  regarded  with  great  interest,  as  being  very  closely 
allied  to  alizarine,  tlic  colouring  matter  of  madder :  in  fact,  they 
are  viewed  as  chloral izaric  acids  ;  that  hypothesis  is  based  upon 
the  idea  of  alizarine  having  the  formula  C^gHgOj;  but  it  happens 
very  unfortunately  for  this  theory  that  the  formiila  of  aliiarino 
itself  is  still  a  disputed  point. 

ChloronynaphthaUo  acid  is  of  a  yellow  colonic;  its  salts  are 
yellow,  orange^  or  crimson,  and  are  described  as  poaaessing  great 
beauty.  Silk  dyed  with  the  ammoniam«salt  acquires  a  good 
golden-yellow  colour,  little  affected  by  light. 

Cabmihaphtba.-— This  colouring  matter  was  also  disoorered  by 
Lanrent*  It  is  obtained  by  heating  naphthaline  with  a  solution 
of  bichromate  of  potaasinm,  and  then  adding  sulphuiic  or  hydro* 
chloric  adds.  It  ia  described  aa  a  fine  red  substance  adnble  in 
alkalies,  but  precipitated  from  its  alkaline  sdntions  by  means  of 
adds.  I  have  never  obtained  this  product  when  oxidising  naph- 
thalene. 

NiN  APHTHALAMTNE. — Niuaplithalamine  is  the  name  given  to  a 
remarkable  base  which  was  noticed  by  Laurent  and  Zinin  ;  but 
nothing  was  known  of  its  nature  until  it  was  re-subjected  to  in- 
vesti2:ation  by  Mr.  Wood,  who  has  both  described  and  analysed 
it  and  same  of  its  salts ;  its  formula  is,  CjQ(HgNO)N,  or  naphtha- 
laniine  in  which  II  is  replaced  by  NO.  It  is  obtained  by  passing 
sulphuretted  hydrogen  through  a  boiling  solution  of  dinitro- 
naphthaline  in  weak  alcoholic  ammonia.  The  details  of  the 
preparation  are  described  in  the  12th  volume  of  this  Journal, 
page  15-1!.  It  has  a  bright  red  colour,  but  I  do  not  think  it 
would  be  of  any  yalne  as  a  dyeing  agents  even  if  it  could  be 
obtained  dieaplf . 

NiTBOsoNAPBTBAUN.^This  peculisT  body  is  a  product  of  the 
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action  of  nitrous  acid  on  naphthalamiiic.  It  is  prepared  by  mixing 
a  soltttioiL  of  bydrociilorate  of  napbthalamine  with  nitiite  of 
potaMhun*  From  this  mixtoxe  it  aeparates  as  a  redish-lizown 
precipitate*  This,  when  washed  with  water  on  a  filter  and  then 
dried,  is  dissoL? ed  in  alcohol,  filtered,  and  evaporated  to  drynesa 
on  the  water-bath.  Thos  prepared,  it  is  a  oystiJline  dark* 
cdoared  substance,  having  a  greenish  metallic  reflection.  It  ia 
soluble  in  alcohol  and  also  in  bensole,  fi>rming  orange-red  aolu- 
tions. 

When  acids  are  added  to  an  alcoliolic  solution  of  nitrosonapli- 
thalin,  it  immediately  assumes  a  most  beautiful  purple  or  violet 
colour  as  fine  as  any  of  the  aniline  purples.  Alkalies  restore  it  to 
its  original  colour.  Silk  may  be  dyed  a  beautiful  purple  shade 
with  tbis  substance,  provided  a  certain  quantity  of  liydrochloric  or 
sidpburic  acid  be  present ;  but  what  is  most  unfortunate  is,  that 
when  the  silk  thus  dyed  is  rinsed  in  water,  the  colour  immediately 
passes  back  to  that  of  pure  nitrosouaphthalin,  and,  also,  that  the 
amount  of  acid  required  to  keep  up  the  purple  shadc^  if  left  in  the 
silk,  rots  it  in  a  few  days»  Could  this  purple  be  fixed,  uitroso- 
naphthalin  would  become  a  cheap  and  most  useful  dye. 

I  have  endeavoured  to  produce  a  sulpbo-acid  of  nitroson aphtha* 
lin,  thinking  that  if  such  a  compound  could  be  obtained,  it  would 
possess  the  purple  colour,  because  it  would  be  an  acid  itsdf.  Bat 
although  sidphuric  acid  does  dissolve  it,  forming  a  blue  solution^ 
no  combination  takes  place.  I  also  endeavoured  to  produce 
this  desired  result  by  treating  sulphonaphthalamic  acid  with 
nitrous  acid,  but  obtained  only  nitrosouaphthalin,  the  acid  of  the 
sulphonaphthalamio  acid  having  apparently  separated. 

Naphthamein. — Piria*  observed  that  napbthalamine  and  ita 
salts  produce  blue  precipitates,  afterwards  becoming  purple,  whcu 
brought  iu  contact  witli  perchloride  of  iron,  tcrcliloridc  of  gold, 
nitrate  of  silver,  and  other  oxidizing  agents.  This  product  of 
oxidation  he  terms  naphthamein.  Silk  aud  cottou  may  bo  dyed 
with  it ;  but  the  colour  of  this  compound  is  so  inferior  as  to 
render  it  useless  as  a  dyeing  agent. 

Naphthalamine,  when  heated  with  anhydrous  bichloride  of  tin« 
yields  a  purple  colouring  matter,  which  ia  insoluble  in  water,  but 
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insolnhilitj  renders  it  difficult  to  VM,  and  itB  eolonr  It  not  nearly 
K>  good  as  that  of  onilme  purple. 

Tab  E£d. 

This  colouring  matter  was  discovered  by  Mr.  Clift^  of  Man- 
Chester^  in  1853.  It  is  obtained  by  exposing  a  mixture  of  the 
more  volatile  parts  of  the  basie  oils  of  coal  tar  and  hypo- 
diLrite  of  calcium  to  the  air  for  about  three  weeks.  Of  the  pure 
colouring  matter  I  know  nothing,  except  that  with  tannin  it 
Ibrms  an  insoluble  or  difficultly  soluble  substance,  and  that  with 
different  mordantSy  it  yields  different  colours. 

Professor  Calvert  has  been  kind  euougb  to  send  me  a  leaf  of 
his  Note-book  containing  the  results  of  different  experiments  he 
made  upon  this  colouring  matter,  which  show  that  the  colours 
obtained  from  this  product  are  anything  but  good. 

It  seems  probable  that  this  colouring  matter  is  derived  from  tke 
pyrrole. 

AxmjiNE. 

This  Bubstanee,  whidi  is  a  beautiful  blue  dye,  bas  been  intro- 
duced into  England  within  tbe  last  six  months.  It  was  discovered 
by  Messn.  Ouinon,  Marnas,  and  Bonney,  of  Lyons,  who 
keep  tbe  process  for  its  preparation  a  secret.  It  is  obtained  from 
coal-tar;  but  from  which  of  its  numerous  derivativea  is  not 
known. 

This  colouring  matter  is  a  brittle  uiicrystallizable  body,  possess- 
ing a  coppery  metallic  reflection.  It  is  very  difficultly  soluble  in 
water,  but  soluble  in  alcohol,  producing  a  magnificent  blue  solu- 
tion, having  but  a  slight  tinge  of  red.  With  concentrated  sul- 
phuric acid,  it  forms  a  blood-red  liquid,  which  when  poured  into 
an  excess  of  water,  precipitates  the  colouring  matter  unchanged. 
Dilute  acids  liave  no  cftcct  upon  azuline.  Its  alcoholic  solution 
mixed  with  an  alcoholic  solution  of  hydrate  of  potassium  also 
changes  to  a  dull-red  colour.  This,  when  diluted  with  water, 
ibrms  a  purple  liquid,  which  is  gradually  restored  to  its  original 
blue  colour  by  hydrochloric  add.  'VA'ith  excess  of  ammonia  the 
solutions  of  azuline  change  to  a  reddish-purple  colour.  This  is 
soluble  in  alcohol.  I  have  made  several  experiments  with  it  as  a 
dyeing  agent,  but  have  not  obtained  any  aatis&otory  results.  Its 
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anHDOIUACal  solution  treated  with  sulpliide  of  ammonium,  graduallj' 
assumes  a  pale  yeliowish-Urown  colour.  Iodine  destroys  the  colour 
of  asoUne. 

In  colour  it  is  not  quite  so  fine  as  chiuoline  blue,  though  far 
superior  to  Prussian  blue. 


Afflication  op  Coal-Tar  .Colours  to  the  arts  of 
Pyeino  Silk  and  Wool. 

Silk  and  wool  can  be  dyed  with  all  the  coal-tar  colours,  with  the 
exception  of  the  rosolates,  these  fibres  possessdug  in  most  cases 
a  remarkable  affinity  (if  I  may  so  speak)  for  these  colouring 
matters.  Many  of  them,  as  aniline-purple  and  violine,  are  taken 
from  their  aqueous  solutions  so  perfectly  by  these  substances^  that 
the  water  in  which  they  were  dissolved  is  left  eolourless.  In  faet, 
silk  and  wool  take  them  up  so  rapidly  that  one  of  the  great  diffi* 
Cttlties  the  dyer  has  to  contend  with  is  to  get  the  fibres  dyed  evenly. 

Dyeing  Silk  Mh  JmUne  Purple,  Ftolme,  mid  ISoMtne.— One 
process  is  applicable  for  dyeing  silk  with  either  of  these  colouring 
matters,  and  it  is  a  very  simple  one.  The  alcoholic  solution  of 
the  colouring  matter  required  is  to  he  mixed  with  about  dght 
times  its  bulk  of  hot  water^  previously  addulated  with  tartaric 
acid^  and  then  poured  into  the  dye  bath,  which  ooiittsta  of  cold 
water  slightly  acidulated ;  after  being  well'  mizedj  the  silk  is  to  be 
worked  in  it  until  of  the  required  shade.  If  a  bluer  shade  tban 
that  of  the  colouring  matter  is  required,  a  littie  solution  of 
sulphindigotic  acid  may  be  added  to  the  dye-bath,  or  the  silk 
may  previously  be  dyed  blue  with  Prussian  blue  or  any  other  blae^ 
and  then  worked  in  the  dye-bath. 

7b  Dye  Silk  wUh  Fkchaine,  Pkrie  AM,  CkinoUtie  blue,  emd 
CAmolifie  vwlei, — This  process  is  still  more  simple  than  the  s^ve, 
as  it  is  merely  necessary  to  work  the  silk  in  cold  aqueous  solutions 
of  these  oolottring  matters.^  With  iuohsine  or  picric  add^  a  little 
acetic  add  may  be  used ;  but  with  chinoline  colours^  adds  mnst  be 
avoided.  With  picric  add^  a  very  dear  green  edour  may  be 
obtauKid  by  adding  a  little  sulphindigotic  add  to  the  dye-bath. 
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I  m«j  menticm  that  Hhe  ooloiir  of  vidine  m  not  to  fine  at  that 
pfodnoed  hy  anilhie  purple  and  indigo  blue ;  abo  that  losdne 
is  not  80  good  a  oolonr  as  Ibchsine. 

7b  Dpe  8Uk  wUk  Azuime,--The  djeiog  of  silk  with  this 
oolonring  matter  is  fiur  more  difficoH  than  with  the  pieoeding, 
requiring  to  go  thioiigh  two  or  thiee  different  processes.  This 
diffienltj  I  bdieve  arises  ftom  the  nnsdlulnlity  of  aniline  in  water. 

The  process  generally  employed  is  to  work  the  silk  in  a  solution 
of  the  colouring  matter  in  water  acidulated  with  sulpluiric  acid, 
and  when  of  suflicient  depth,  to  raise  the  temperature  of  the  dye- 
bath  to  the  boiling  point,  and  work  the  silk  in  it  again ;  after  this 
the  silk  is  well  rinsed  in  water,  until  free  from  acid,  and  worked  in 
a  hatli  of  soap  lather.  It  is  then  again  rinsed  and  iiui^dicd  in  a 
dilute  acid  bath. 

To  dye  Wool  with  Aniline  purp/e,  Violine,  Roseine,  Fuc/isin£f 
and  Chinoline  colours. — This  operation  is  generally  conducted  at 
a  temperature  of  50**  or  60**  centigrade,  and  the  dye- bath  is  com- 
posed of  nothing  but  a  dilute  aqueoos  solution  of  the  colouring 
matter  required.  Acids  should  be  avoided^  or  only  a  very  small 
quantity  nsed,  as  the  resulting  ookwrs  are  not  so  fine  when  they 
are  employed. 

Mbthods  op  mrsnfo  ConoN  with  Coal-tab  CSolovbs. 

"When  Aniline  purple  was  first  introduced,  considerable  difficulty 
was  expenenoed  in  dyeing  cotton  so  as  to  obtain  a  colour  that  would 
resist  the  action  of  soap.  Aniline  pniple  is  absorbed  by  vegetable 
fibres  to  a  certain  eactent^  and  Tery  beantiihl  cokmrs  may  be  ob- 
tained by  simply  working  cotton  in  its  aqueous  solutions^  but  when 
thus  dyed,  the  oolonn  will  not  stand  tli«  action  of  soap*  I  have 
tried  the  use  of  tin  and  other  mordants^  but  without  any  satis- 
fiustory  result. 

In  1857,  Mr.  Puller^  of  Perth^  and  myself,  nmultaneoosly 

discovered  a  process  by  which  this  colouring  matter  could  be  fixed 
upon  vegetable  fibres  so  as  to  resist  the  action  of  soap.  Tliis  pro- 
cess is  based  upon  the  formation  of  an  insoluble  compound  of  the 
colouring  matter  with  tannin  and  a  metallic  base  iu  the  fibre. 

To  effect  this,  the  cotton  has  to  be  soaked  in  a  decoction  of 
sumach,  galls,  or  any  other  substance  rich  in  tannin,  fur  an  hour  or 
two,  and  then  passed  into  a  weak  solution  of  stannate  of  sodium, 
and  worked  in  it  for  about  an  hour ;  it  is  then  wrung  out,  turned 
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in  a  dilute  acid  liquor,  and  then  rinied  in  water.  Cottoa  thus 
prepared  is  of  a  pale-yellow  ooloari  and  has  a  remarkable  power  of 
combinin«»  with  aniline  purple.  The  above  process  may  be  modi- 
fied, as  for  example^  the  stannate  of  sodium  may  be  applied  to  the 
cotton  before  the  tannin,  and  alum  may  also  be  naed  in  the  plaoe 
of  atannate  of  sodium.  To  dye  this  prepared  cotton  with  aniline 
purple,  it  is  only  necessary  to  work  it  in  an  acidulated  aolutioii  of 
the  colouring  matter;  when  thus  prepared^  the  cotton  will 
absorb  all  the  colouring  matter  of  the  dye-bath,  leaving  the  water 
perfectly  colourless.  It  has  been  found  that  cotton  tbos  prepared 
can  be  dyed  with  any  colouring  matter  that  forms  an  insolulile 
compound  with  tannin.  It  is  therefore  used  for  dyeing  witli 
roseine,  violine,  fuchsine,  and  chinoline  colours. 

Cotton  may  also  be  dyed  a  very  c^ood  and  fast  colour  by  nior- 
diuiting  it  with  a  basic  lead-salt,  and  then  working  it  in  a  liot 
solution  of  soap,  to  which  aniline  purple  has  been  added. 

Oiled  cotton,  such  aa  is  used  for  dyeing  with  madder,  is  also 
used  in  dyeiiis:  these  colours.  Cotton  simply  oiled,  and  before 
mordanted  with  alum  and  galls,  absorbs  coal-tar  colouring  matters 
with  great  avidity,  producing  very  fine  shades.  Oiled  cotton 
mordanted  with  alum  and  galls  also  combines  rapidly  with  these 
colouring  matters :  but  as  the  colour  of  the  prepared  cotton,  is 
generally  rather  yellow,  it  interferes  sometimes  with  the  beauty  of 
the  result. 

Cotton  is  sometimes  washed  with  albumin,  whi(di  is  coagulated 
by  the  action  of  steam,  and  the  albumin,  which  covers  the  oottkm, 
dyed  in  the  usual  manner. 

I  may  mention  that  violine,  rosdne,  fuchsine,  and  also  the 
cbinoline  colours,  combined  with  unmordanted  vegetable  ibrea  ae 
well  as  aniline-purple.  Picric  and  rosolic  acida  are  not  applioable 
for  dyeing  cotton. 

Printing  Calico  with  Ooal-tab  Colovbs. — The  process 

generally  employed  for  printing  with  these  colouring  matters  is 
simply  to  mix  them  with  albumin  or  la'cterine,  print  this  mixture 
on  the  fabric,  and  then  to  coagulate  the  albumen  or  lacterine  by 
the  agency  of  steara. 

Mr.  Cirey,  of  the  Dalmonach  Print-works,  and  myself,  dis- 
covered the  first  process  of  ai)plying  these  substances  to  fabrics  in 
a  ditferent  manner  to  the  above. 

It  consisted  in  forming  a  basic  carbonate,  or  an  oaude  of  lead,  on 
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those  parts  of  the  oloth  which  were  to  be  coloured,  and  then  working 
the  cloth  thus  prepared  in  a  hot  lather  containing  the  colouring 
matter.  Where  the  cloth  was  mordanted  with  the  lead-compound, 
the  colouring  matter  was  absorbed;  but  where  immordanted  it 
was  left  white,  becanae  pare  cotton  is  not  dyed  with  these 
ooloiuring  mattem  in  the  presence  of  soap.  This  process  was 
intended  for  the  application  of  aniline-purple,  for,  at  the  period  of 
this  discovery,  the  other  coal-tar  colours  were  unknown.  Colours 
dyed  by  ibis  process,  were  very  pure ;  but  it  had  many  dis- 
advaut4;es  which  have  caused  it  to  be  disused. 

Lately  the  process  prerionsly  described  for  dyeing  cdlonrs  upon 
cotton  prepared  with  tannin,  has  been  applied  to  calico-printing. 
It  eonsists  in  printing  tannin  upon  the  fabric  previously  prepared 
with  stannate  of  sodium,  and  then  dyeing  it  in  a  liot  dilute  acid 
solution  of  the  colouring  matter  (in  the  case  of  chinoline  colours 
acid  must  not  be  used) ;  by  this  means,  the  parts  of  the  fabric  which 
are  covered  with  tannin  are  dyvd  a  deep  colour,  but  the  other  parts 
are  only  slightly  coloured.  These  are  cleared  by  means  of  well- 
known  processes. 

This  method  of  applying  these  colouring  matters  is  also  modified 
by  printin<j:  a  compoinid  of  the  colouring  matter  required  and 
tannin  on  the  prepared  doth,  instead  of  the  tannin  only,  and  then 
steaming  the  goods. 

Method  of  applying  Aniline  (Irekn  to  Fabrics. — This 
process,  which  is  interesting,  as  bcini?  the  first  example  of  the 
production  of  coal-tar  colours  on  the  fabric  itself,  was  proposed 
by  Professor  Calvert:  it  is  very  sim]>le.  The  design  is  to  be 
printed  on  the  cloth  with  a  thickened  solution  of  chlorate  of 
potassium,  dried,  passed  through  a  solution  of  an  aniline  salt^ 
again  dried^  and  allowed  to  hang  in  a  moist  atmosphere.  In  tlie 
course  of  two  or  three  days,  the  colour  will  be  fully  developed. 
The  colour  thus  produced  may  be  changed  into  a  dark  blue  by  the 
agency  of  soap  or  an  alkaline  liquid.  This  process  is  vety  inex-. 
pensive  j  the  amoimt  of  aniline  required  being  very  smslL 

Application  of  Nitrosonaphthalin. — If  cloth  is  printed 
with  a  thickened  solution  of  a  srlt  of  naphtlmlamiue,  dried,  and 
then  passed  through  a  solution  of  nitrite  of  potassium,  nitroso- 
naphthyline  will  rapidly  make  its  appearance  as  a  reddish-orange 
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colour ;  but  unfortuaately  the  colour  thus  obtained  will  not  resist 
the  action  of  soap. 


Ill 

Many  of  the  coal-tar  colours^  when  viewed  by  artificial  lif^t, 
are  very  mnch  modified  in  tint;  and  some  of  them,  when  com- 
pared with  iimilar  colonra  of  vegetable  origiii  by  daylight,  Bsppear 
of  totally  diflSefent  tints  by  gaiUgfat.  The  latter  case  ia  lemaxk- 
ably  iUnstrated  by  anQine-purple  and 

If  two  silk  patterns  are  dyed,  one  with 
other  with  archil,  of  exactly  the  same  shade  of  ooloor  when  seen 
hy  duyliglit,  the  ooloor  of  the  archil  pattern  when  viewed  by 
artificial  light,  will  appear  several  shades  redder  lihan  that  of  the 
aniline  purple* 

Dr.  Gladstone  has  examined  solutions  of  these  two  colonriTig 
matters  in  a  hollow  wedge  by  means  of  the  prism,  and  he  finds 
tliat  a  very  thin  stratum  of  aniline-purple  attacks  the  spectmm  in 
the  yellow  (just  beyond  D),  giving  rise  to  a  blue-purple  colour; 
and  that,  as  the  intensity  of  the  solution  increases,  the  absorption 
gradually  extends  very  slowly  on  the  less  refrangible  side,  but 
rapidly  on  the  more  refrangible  side,  tiU  the  green  entirely  dis- 
appears, and  eventually  the  true  blue. 

In  the  case  of  archil,  the  violet  and  blue  rays  are  absorbed  by  a 
strong  solution  of  this  colouring  matter,  though  it  still  permits 
the  extreme  red  ray  to  pass  with  great  facility :  therefore,  con- 
sidering the  abundance  of  red  in  oil  or  gas-light,  it  is  not  surprising 
to  find  that  archil  colours  appear  redder  by  artificial  light  than 
those  of  aniline  porple. 

The  colour  of  the  three  coal-tar  hloesy  Meu  de  asntlSne, 
and  ehinoUne-bbie,  when  viewed  by  gaslight,  are  considerably 
modified.  The  bleu  de  Parie  appears  blue;  asulinoy  a  beavy 
blueish  violet ;  while  the  chinoline-blue  assumes  a  beantifiil  violet 
tint  having  rather  a  cast  of  red. 

Dr.  Gladstone  has  also.kindly  examined  these  three  colouring 
matters,  and  gives  the  following  account  of  his  results  : — These 
three  blues,  in  common  with  aniline  purple,  attack  tlie  spectrum 
in  the  yellow  (near  D),  and  as  the  intensity  of  the  colour  increases, 
the  absorption  extends,  especially  on  the  more  refrangible  side, 
till  the  ffreen  is  swallowed  up.  At  the  same  time  the  orange  ia 
absorbed,  while  the  extreme  red  is  transmitted  freely. 

In  the  bleu>  de  Pari$  there  is  an  additional  band  of  absorption  ia 
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tbe  orange^  when  very  weak  solutions  are  examined;  but  this  is 
soon  merged  in  the  greater  band  extending  from  the  yellow  as  the 
solution  increases  in  intensity. 

Strong  solutions  of  azuline  absorb  the  yellow,  green,  blue,  and 
violet  in  regular  order;  but  the  chinoline  blue  absorbs  the  violet 
when  not  veiy  deep,  and  allows  the  blue  to  pasa  Ibr  some  diatanee 
fbrther,  after  which  the  red  alone  passes. 

Br.  Gladstone  states  that  the  chinolinB  bine  is  one  of  themoet 
besnftifol  diehromatie  aohetances  he  knows;  when  viewed  in  a 
hollow  wedge,  with  thepiiam,  it  passes  gradually  from  a  deair  blue' 
to  a  fine  red. 

Of  the  numerous  colouring  matters  of  which  I  have  briefly 
spoken,  there  are  only  four  that  are  at  present  employed  by  the 
dyer  and  printer;  namely:  aniline  purple,  fuchsine,  picric 
acid,  and  azuline;  but  I  think  it  probable  that  others  of  them 
will  soon  be  introduced,  such  as  the  bleu  de  Paris.  Nitro- 
phenylene-diaminc  miglit  also  be  used  for  silk-dyeing,  as  its 
colour  is  good,  and  it  resists  the  action  of  light  well. 

Unfortunately  the  chinoline  colours,  though  very  beautiful,  are 
most  fugitive.  There  has  been  an  endeavour  to  introduce  the 
chinoline  blue  of  late ;  but,  although  a  oonsiden^ble  quantity  of 
silk  was  dyed  with  it  at  first,  it  is  now  soarody  used,  because, 
when  exposed  to  the  sun  fiir  two  or  three  horn,  the  ^^ed  silk 
becomes  bleached. 

Aniline  purple  resists  the  light  best.  Fnohaine  and  alpha 
aniline  purple  soon  fiufe,  espeoislly  when  on  cotton.  Aniline  and 
bien  de  Paris  are  not  easily  acted  upon  by  light  when  on  silk. 


When  the  colouring  matters  of  ooal-tar  were  first  introduced, 

there  was  great  fear  that  the  workmen  engaged  in  their  raanu-' 
facturc  would  suller  in  health.  All  I  can  say  is,  that  during 
the  few  years  I  have  had  to  do  with  this  branch  of  manufacture, 
there  has  not  been  a  single  case  of  illness  among  the  workmen  that 
has  been  produced  by  any  of  the  operations  carried  on  for  the  pro- 
duction of  anUine  purple.- 
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Besearehes  an  the  CoiuiUuenis  qf  CUutrie  Mee^ . 

By  William  Marcbt^  M.D.^  F.E.S. 

In  the  spring  of  last  year,  being  enp^aprcd  with  some  iuvestiprfitions 
on  f^astric  juicp,  I  was  indiicrd  to  oxaniine  a  sample  of  this  secre- 
tion in  SolciTs  saccbarimeter ;  when,  to  my  astouisbment,  I 
observed  it  to  act  strongly  on  the  polarized  ray,  rotating  the  plane 
of  iK)larization  of  light  to  the  left.  T  thea  undertook  a  aeries  of 
investigations  in  order  to  determine  which  was  the  oonstituent  of 
gastric  juice  possessed  of  th^  above  optical  property,  and  to  what 
amount  it  exhibited  this  rotating  power  in  the  sacchanmetef : 
these  researchtes  fbnn  the  sobjeet  of  this  present  coBsmunieatian. 

The  gastric  juice  used  in  my  experiments  was  procured  £rara 
two  dogs,  in  whose  stomachs  I  had  established  permanent  fistubs. 
One  of  these  animals  had  been  operated  on  in  December,  1869; 
in  the  following  'month  of  October  (1860)^  finding  mj  wappfy  of 
gastric  juice  insufficient^  I  established  a  gastric  fistida  in  the 
second  dog.  31ie  animals  have  bodi  been  in  ?ery  good  hesUik 
ever  since. 

The  ga^stric  juice  was  obtaiued  after  allowing  the  dogs  to  fast 
for  thirty  or  forty  hours,  and  then  feeding  them  with  soft  bones 
(i.e.,  bones  containing  cartilage)  boiled  and  cut  up,  or  pieces  of 
the  windpipes  of  oxen  or  sheep-  -those  of  the  ox  being  boiled 
(though  not  softened),  the  traeheaj  of  sheep  being  usually  given 
raw.  Windpipes  were  most  frequently  used,  as  they  produced  a 
good  supply  of  the  secretion,  witliout  cansinpi;  any  gastric  dis- 
turbance. The  secretion  was  collected  from  time  to  time  during 
an  hour  or  an  hour  and  a-half  after  the  animals  had  been  fed,  and 
from  two  to  five' ounces  were  usually  obtained  from  each  of  them. 

The  fluid  was  in  every  case  turbid  when  first  extracted,  contain* 
ingf  especially,  fat.  Wheu  the  amount  of  substance  in  suspension 
was  greats  I  found  it  advisable  to  begin  by  straining  the  gastric 
juice  through  calico ;  at  all  events,  it  had  to  be  filtered  through 
paper  over  and  over  again,  until  suffidentlj  dear  to  admit  light 
freely  through  a  layer  of  the  fluid  equal  in  thickness  to  the  length 
of  the  saccharimeter-tube. 

Every  sample  of  gastric  juice  obtained  under  the  sbove-men* 
tioned  dreumstances  from  dther  of  the  dogs,  rotated  the  plane  of 
polarization  of  light  to  the  left  to  an  extent  indicated  by  from 
15°  or  20°  to  40°  of  Soleil's  saccharimeter.   The  acidity  of  the 
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fluid,  which  was  fireqaently  determined.  Varied  in  10  cc.  from 
0*011  to  0*0S9  gramme — ^tbese  numbers  representing  the  amonnt 
of  potash  necessary  to  neutralise  10  c.c.  of  the  gastrie  jnioe, 
eqmvaleut  to  ftom  0065  to  0*80S  per  cent  of  hydrodilorio  add. 
This  d^;ree  of  acidity,  althougV  rather  lower,  agrees  with  thai 
obtained  by  Bidder  and  Schmidt  {Verdaimings$afte,  &c.J,  whieh 
ia  from  0*1708  to  0*8858  per  cent  of  hydrochloric  add. 

My  first  impression  was^  that  the  optical  properties  of  gastric 
juice  were  dne  to  its  acid.  I  therefbre  examined  at  once  in  the 
saccharimeter  a  sample  of  lactic  acid  prepared  from  sugar  of  milk ; 
but  it  had  no  action  on  polarized  light.  Next,  some  lactic  acid 
was  extracted  from  flesh  according  to  Liebig's  process;  this  again 
exhibited  no  optical  property  in  Sole  IPs  polariscope. 

After  some  consideration,  I  determined  upon  trying  the  separa- 
tion of  the  constitucuta  of  gastric  juice  by  means  of  hydrated 
oxide  of  lead,  with  the  \new  of  examining  the  action  of  light  on 
the  substances  precipitated,  and  on  those  not  precipitated,  by  this 
agent.  Having  boiled  a  sample  of  the  secretion  with  hydrated 
oxide  of  lead  in  excess,  and  filtered  the  mixture,  a  fluid  was 
obtained  having  a  marked  alkaline  reaction,  but  containing  only 
a  compaiatiTely  small  quantity  of  lead.  I  submitted  this  fluid  to 
enamination  in  the  saccharimeter,  and  found  it  to  act  powerfully 
on  polarized  light.  This  proved  that  I  had  been  mistaken  in  sup* 
posing  that  the  action  of  gastric  juice  on  polariaed  light  was  owing 
to  its  acid  constituent. 

Finding  that  the  alkaline  filtrate  from  the  boiled  mixture  of 
gastric  juice  and  hydrated  oxide  of  lead  contained  the  substance  I 
was  in  quest  of,  I  naturally  believed  it  to  be  an  Sikali,  and  fiw  a 
kmg  while  I  endeavoured  to  isolate  it  under  the  form  of  crystsls 
or  of  an  insoluble  salt.  Filing  in  this,  and  finding  that  the  sub- 
stance was  precipitated  amorphous  by  alcohol,  I  determined  upon 
availing  myself  of  this  means  to  prepare  it  in  as  pure  a  condition 
as  possible;  and,  finally,  I  obtdnel  a  body  having  a  definite  ' 
rotating  power  on  polarized  light,  and  possessing  the  chemical 
properties  of  the  substance  known  to  result  from  the  digestion  of 
aibuuiiiiouti  and  gelatinous  food,  which  Lehmann  has  called 
peptone. 

Preparation.—  The  following  is  the  process  I  adopted  for  the 
preparation  of  this  substance,  which,  however,  I  could  never 
obtain  perfectly  free  from  inorganic  matters. 

The  gastric  jiiiee,  excited,  collected,  and  filtered  as  above,  was 
boiled  in  order  to  coagulate  the  albumen  (when,  apparently. 
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aoDafding  to  Leluuamt^*  the  pepame  is  also  precipitated),  and 
then  filtered,  to  be  mized  with  three  times  its  bulk  of  eom- 
mereial  alooihol,  56  over  proof  (sp.  gr.  842).    A  fow  houn 
later,  or  still  better^  the  next  day,  the  fluid  was  filtered  from 
the  precipUmte  whidi  had  formed,  and  then  distilled  or  conoen.- 
trated  on  tiie  water-bath ;  the  composition  of  the  precipitate  was 
subjected  to  a  special  inquiry.   The  residue  from  the  distilled  osr 
ooncentrated  fluid  had  a  syrupy  consistence ;  it  was  treated  with  a 
small  quantity  of  sulphuric  acid  diluted  with  four  or  five  times  ita 
bulk  of  water  and  added  cold,  the  capsule  containing  the  syrupy 
residue  being  at  the  time  floated  on  cold  water,  to  prevent  any 
rising  of  temperature  from  the  action  of  the  acid ;  alcohol  was 
next  mixed  with  the  thick  acid  fluid  until  the  gelatinous  precipi- 
tate it  induced  had  ceased  to  increase,  the  mixture  being  at  the 
same  time  agitated  with  a  glass  rod,  to  which  much  of  the 
precipitate  beeame  attached.   The  gelatinous  substance  was  now 
thoroughly  washed  with  aleohol,  and  then  dissolved  in  water, 
yielding  a  scdntion  turbid  from  the  presence  of  sulphate  of  lime, 
which  had  to  be  removed  by  filtration.    I  now  boiled  the  clear 
fluitl  with  an  excess  of  hydratcd  oxide  of  lead,  and  after  allowing 
the  mixture  to  remain  undisturbed  till  the  next  dav,  it  was 
filtered.    The  filtrate  was  obtained  elear,  althougli  on  sonic  occa- 
sions it  had  to  bo  filtered  re}>eate(Uy ;  it  was  then  ascertained,  with 
sulphuric  acid  aud  sulphide  of  aninionium_,  to  lie  free  from  lead: 
it  had  an  alkaline  reaction,  more  or  less  strong,  and  contained  a 
little  lime  with  traces  of  soda-salts.    1  have  succeeded,  to  a  great 
extent,  in  getting  rid  of  the  lime,  liy  adding  cautiously  to  the  fluid 
a  verv  weak  sohition  of  oxalic  acid,  until  it  became  nearly  neutral, 
and  then  filtering.    1  also  feci  confident  that  the  presence  of  a 
certain  quantity  of  aleohol  in  the  acid  solution,  previous  to  boiling 
it  with  oxide  of  lead,  causes  the  precipitation  of  nearly  all  the  lime 
a,s  sulphate;  indeed,  I  have  (juite  recently  ascertained  that  the 
acid  solution  in  question,  mixed  with  an  ctjnal  bulk  of  al(X)hol, 
56  o.p.,  in  the  course  of  two  or  three  days,  dei)nsited  the  whole  of 
its  lime  as  sulphate;  the  Huid,  after  evaporation  in  order  to  get 
rid  of  the  alcohol,  giving  no  precipitate  with  ammonia  and  oxalate 
of  ammonia,  yet  the  amount  of  alcohol  added  had  precipitated  an 
insignificant  quantity  of  the   polarizing   substance.    In  some 
instances  X  found  the  filtrate  &om  the  lead  precipitate  nearly 

*  n.-riritc  nlic-r  <1ic  Vcr1i.au<11iing«n  der  KtnlgKdi'SicliiiaeheB  Ocselliebftfl  de 
WilweDiiuUaften  >a  Leipzig,  1849. 
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free  from  lime,  which  I  attribute  to  the  aotioa  of  the  ahx^l 
which  had  remained  mixed  with  the  gelatinous  substance  after  it 
had  been  washed  with  this  fluid,  or  to  all  the  lime  having  beea 
predpitaited  at  first  hj  the  addition  of  alcohol  to  the  gastric  juioe  s 
in  these  iDstanoes  it  waa  not  necesiaiy  to  nsa  oxalic  acsd. 

The  alkaline  filtate  from  the  lead  preapitotey  as  free  from  lime 
as  possible,  was  oonoentrated  to  the  oonsLstmice  of  a  thin  syrupy, 
and  finally  precipitated  by  alcohol^  or  a  mixture  of  alcohol  and 
ether.  After  a  day  or  two  the  fluid,  now  become  dear,  was 
decanted^  leaving  a  ipedoedj  homogeneous  substance,  transpaient, 
odonxlesB,  or  nearly  so,  adhering  to  the  sides  of  the  recdrer  under 
the  form  of  a  thick,  tenadous  syrup,, which  was  dried.  The  dry 
substance  was  very  brittle,  and  exhibited  no  signs  of  crystallization ; 
it  could  be  easily  scraped  off  from  the  sides  of  the  receiver,  from 
which  it  partly  separated  in  scales ;  and,  being  veiy  hygroscopic, 
had  to  be  preserved  in  carefully-closed  bottles. 

Remarks  on  the  above  method  of  investigalion. — In  every  case 
where  gastric  juice  was  obtained,  as  stated  above,  it  yielded  a 
precipitate  by  boiling.  I  made  some  experiments  to  determine 
whether  the  removal  from  gastric  juice  of  the  substance  thus 
precipitated  diminished  its  action  on  polarized  light;  but,  on 
examining  the  fluid  in  Soleii's  polariaoopej  before  and  after  the 
precipitation,  I  could  not  discover  any  loss  of  its  optical  properties. 
When  alcohol  56  o.p.  (sp,  gr«  842)  is  mixed  with  dear  gastric 
juioe  obtained  as  stated  above,  which  has  been  boiled  and  filtered, 
no  turbidity  or  precipitate  takes  place  until  about  an  equal  bulk 
of  alcohol  haa  been  elided.  A  further  addition  of  alcohol  causes  a 
tuffbiditj,  and  w)|en  the  vdume  of  mixture  is  equal  to  four  times 
its  orighud  bulk,  a  doudy  precipitate  gradually  forms,  leaving  a 
dear  fluid ;  but  tibe  next  day  the  fluid  may  again  ^have  beeome 
tttihid  from  the  formation  of  a  fhrther  quantity  of  the  precipitate^ 
This  predpitate  was  coUeeted  on  a  filter,  and,  after  being  washed 
with  a  mixture  of  alcohol  and  water,  was  subjected  to  examina- 
tion. I  was  surprised  at  finding  it  but  partly  solubic  in  water, 
yielding  an  acid  solution ;  this  solution  acted,  more  or  less, 
on  polarized  light,  but  much  less  than  the  original  gastric  juice, 
showing  that  some  of  the  polarizing  substance  (if  1  may  so  call  it) 
had  been  precipitated  by  the  alcohol.  For  instance,  a  sample  of 
eight  ounces  of  gastric  juice,  showing  32'5°  in  the  saccharimetcr, 
being  treated  with  three  times  its  bulk  of  alcohol^  gave  a  preci- 
pitate which  exhibited  in  an  aqueous  solution  measuring  two  ounces. 
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18*5* ;  or  a  quantity  of  the  polansing  subttance  in  eight  ouneea  of 
gastric  juice,  eqnivalait  to  260*,  lost  a  proportion  eqai?alent  to  2T* 
fay  precipitation  with  three  times  its  bulk  of  alcohol  1116  o.p.  This 
aqneona  solution  acting  slightly  on  polariaed  light  was  also 
examined  with  respect  to  its  inorganic  salts;  for  this  purpose^ 
a(ter  evaporation  to  dryness,  the  residue  was  incinerated,  and  the 
ash  was  fbund  to  consist  of  phosphate  of  lime^  with  a  little 
sulphate  of  lime:  the  addition  of  hydrochloric  acid  emitted  no 
carbonic  add.    I  also  examined  the  part  of  the  precipitate 
insoluble  in  water,  after  it  had  been  thivoughly  washed  with 
distilled  water.     It  dissolved  readily   in  gsatric  juice,  but 
failed  to  increase  its  polarizing  power.    In  one  experiment, 
where  I  used  the  precipitate  obtained  from  no  less  than  fourteen 
ounces  of  gastric  juice,  and  dissolved  this  in  one  oun(«  of  the 
sc  cretion  showing  23",  this  solution  gave  24F  when  examined.  As 
an  increase  of  only  1"  is  not  worth  taking  into  account,  it  is  obvious 
that  the  precipitate  insoluble  in  water  did  not  increase  the  optical 
property  of  gastric  juice  when  dissolved  in  the  secretion.  The 
precipitate  under  our  present  consideration,  insoluble  in  water, 
was  incinerated,  and  I  found  it  still  contained  a  comparatively 
large  quantity  of  organic  matter.    When  burnt  to  ashes,  this 
inorganic  residue  contained  carbonates,  as  shown  by  the  ready 
evolution  of  carbonic  acid  on  the  addition  of  hydrochloric  acid,— 
althou^'h,  previous  to  the  incineration,  no  carbonic  acid  could  be 
obtained;  therefore,  a  carbonate  had  been  formed  by  the  ignition, 
showing  that  the  precipitate  had  contained  a  compound  of  an 
organ  c  and  inorganic  substance.    The  ash  was  found  to  consist  of 
phosphate  and  carbonate  of  lime,  with  traces  of  sulphate  of  lime. 
On  considering  the  orp:anic  substance  precipitated  by  alcohol  in 
gastric  juice  and  insoluble  in  water,  it  appears  to  bear  a  p:r(>at 
analogy  to  the  parapeptone  of  Meissner,  a  substance  (liscovercd 
bv  this  chemist  among  tlic  products  of  digestion  of  albumen.* 
Parapeptone  is  obtained  by  neutralising  witli  })otash  a  solution 
contfiinini^  hydrochloric  acid  and  pep?«ine,  after  it  has  been  used  for 
theartificial  digestioiioralbunicu,  tlu.-isubstance  (parajx'ijtouc)  being, 
under  these  circumstances,  precipitated.     It  may  i)e  surmised  that 
the  compound  of  lime  and  parapeptone,  when  present  in  gastric  juice, 
is  precipitated  by  the  addition  of  alcubol  to  the  secretion,  and  then 
hv  tiltration  it  will  lose  much  of  the  acid  which  kept  it  in  solution 
in  the  gastric  juice,  so  tlint  when  washed  with  water,  the  aqueous 
liuid  ia  no  longer  suliicienlly  acid  to  dissolve  it,  and,  therefore,  it 
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remains  on  the  filter.  I  found  this  substance  not  only  soluble  in 
gastric  juioe,  but  also  soluble  in  dilute  acetic  and  by drodilorieaddsy 
which  bean  out  this  vieir. 

It  will  now  be  readily  understood  why  1  liavc  in  erery  case 
precipitated  the  gastaric  jnice  with  alcohol^  for  by  so  doing  I 
removed  the  whole,  or,  at  all  events,  the  greater  portioii  of  the 
parapeptone  (if  it  be  this  anbstanoe),  and  also  a  qnantitf  of  phoe- 
phate  of  lime^  which  would  hare  interfered,  more  or  less,  with  the  • 
subsequent  operations;  although  by  so  doing  it  was  impossible  to 
avoid  the  loss  of  a  small  quantity  of  the  polarising  substance. 

After  freeing  the  soluticii  from  alcohol  by  distillation,  and 
concentrating  the  fluid  until  it  assumed  a  syrupy  consistence^  I 
added  to  it  a  very  small  quantity  of  a  mixture  of  sulphuric  add 
with  four  or  iive  times  its  volume  of  water.  This  was  done  with 
the  view  of  transforming  all  the  inorganic  bases  into  8ul])hates,  and 
setting  free  every  organic  and  inorganic  acid  which  might  be 
present,  l^y  washing  the  gelatinous  precipitate  with  alcohol, 
nearly  the  whole  of  the  soda  was  removed  ;  and  on  several 
occasions,  especially  during  cold  weather,  I  observed  fine  crystals 
of  sulphate  of  soda  in  the  alcoholic  fluid  a  day  or  two  later.  If 
too  much  sulphuric  acid  was  added  to  the  syrupy  fluid,  the  sub- 
sequent addition  of  alcohol  failed  to  produce  the  gelatinous 
precipitate,  when,  of  course,  the  whole  operation  was  lost ;  in 
these  cases,  nothing  more  than  a  turbidity  occurred.  The  forma- 
tion  of  the  gelatinous  precipitate  by  the  action  (tf  alcohol  on  the 
acid  aqueous  solution,  and  the  washing  of  the  precipitate  with 
alcohol,  was  the  cause  of  a  considerable  loss  of  the  polariaing 
substance,  which  could  not,  however,  be  avoided. 

The  boiling  with  hydrated  oxide  of  .lead  I  beliere  to  be  indis* 
pensahle  to  get  rid  of  the  sulphuric  add,  the  phosphoric  add^  and 
other  adds  whidi  had  reaudned  adherent  to  the  gelatinous  pre^ 
dpitate,  and  also  perhaps  of  any  pepsine  whidi  may  have  escaped 
precipitation  in  the  former  operations.  By  boiling  the  mixture  for 
about  three  quarters  of  an  hour,  and  then  allowing  it  to  remain 
wndiaturbed  till  the  next  day,  it  yields  a  filtrate  which  can  be 
obtained  quite  desor  with  oompsnittve  ees^  and  perfectly  free  from 
lead ;  showing  that  the  whole  of  the  adds  of  the  gastric  juice  have 
been  removed,  obviously  from  the  formation  of  basic  salts.  It 
sometimes  happens,  liusvcvcr,  that  some  sulphates  escape  the  action 
of  the  oxide  of  lead,  and  find  their  way  into  the  solution,  which 
now  only  contains  the  polarizing  substance,  with  a  small  quantity 
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of  lirac;  soda,  and  sulphuric  acid.  I  coustautl/  found  this  solution 
more  or  less  alkaline. 

The  treatment  with  oxide  of  lead  is  another  source  of  loss  of  the 
polariziTig:  substance;  indeed,  a  large  proportion  of  it  remains  in 
the  lead  precipitate.  The  following  experiments  show  to  what 
extent  hydrated  oxide  of  lead  may  precipitate  the  substance  under 
consideration.  Eight  ounces  of  gastric  juice  were  found  to  show 
*  82"  5°  rotation  in  the  saccharimeter ;  three  times  this  bulk  of 
alcohol  was  added,  and  the  preci])itate  being  the  next  day  separated 
by  filtraHoQ,  was  iraahed  with  water.  This  aqueous  8dliitao% 
measuring  two  omioes,  was  examined  in  the  saccharimeter,  and 
showed  18*5*.  The  slooholic  fluid  was  mixed  with  hydiatod  oxide 
of  lead,  and  evaporated  on  the  water  batih  to  get  rid  of  the  alcohol ; 
the  next  day  tiiis  laid  was  filtered,  and  the  filter  washed  till  the 
washings  were  no  longer  alkaline.  The  volume  of  the  fluid 
amounted  to  31^  ounces.  I  added  half  an  ounce  of  water,  and 
then  examined  the  solution  in  the  saocharimetar;  it  showed  9^. 
Now,  if  none  of  the  polarizing  suhstanoe  had  been  lost  by  the 
evaporation  in  presence  of  oxide  of  lead,  and  subsequent  filtration, 
the  number  of  de^n'ecs  fuund  by  observation  in  the  sacchari meter 
ought  to  have  been  10'G°,  M'hile,  in  fact,  it  was  only  7^,  a  loss  of 
about  one  third  had,  tlicrefore,  been  experienced. 

In  a  second  experiment,  a  solution  of  the  dry  substance  was 
prepared  in  1^  ounce  of  distilled  water,  which  showed  in  the 
saccharimctcr  between  15'  and  IS'S*^.  This  solution  was  boiled 
for  twenty  minutes  with  hydrated  oxide  of  lead,  and  a^^aiii  the 
next  day  for  forty  minutes;  two  days  afterwards  the  fluid  was 
filtered,  and  the  filter  washed  with  distilled  water  until  the  filtrate 
oontained  only  a  very  sipali  quanti^  of  solid  matters.  The 
solution,  oonoentrated  to  1^  ounce,  showed  11°  in  the  saccbari- 
meter ;  oonsequently  about  one-third  of  the  substance  had  again 
been  lost  in  the  lead  precipitate.  As  it  might  be  olyected, 
howsw,  that  the  substance  I  am  alluding  to  may  possibly  be 
decomposed  1^  tiie  mere  boiling  of  its  aqueooe  sohrtion,  and  not 
taken  up  by  ^  lead,  I  dissolred  a  sample  of  it  in  one  ounee  of 
distilled  water,  which  sohttion  showed  4*5^  in  tiie  saecdiaameter. 
The  fluid  was  boiled  flsr  one  hour,  water  being  added  to  replace 
tiiat  which  had  evaporated;  it  was  made  up  to  one  oonoe,  and 
examined,  when  it  showed  again  4*5* ;  consequently  the  substauce 
is  not  decomposed  under  these  circumstances.  The  next  day  the 
solution  had  become  decidedly  hazy,  and  the  ub:^rvatioJu  with  the 
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saccharimeter  more  difficult;  still  it  was  seen  to  deviate  the 
polarized  my  to  between  4°  and  5°;  consequently  no  appreciable 
amouDt  of  the  substance  dissolved  had  been  decomposed  by  putre- 
iactioii,  although  the  tamperatiue  of  the  air  was  very  high  during 
the  whole  of  the  experiment. 

I  Ibund  the  pnUriaing  labaiaiiee  to  exhibit  the  ohemieai  jpro* 
perties  of  Lehmann's  peptone  j  they  were  as  followi 

Properties, — ^The  substance  when  dry  is  brittle,  non-arystalline^ 
Tevy  tnnspaarantj  and  nearly  colonrleiM ;  it  attraeta  moistnre  by 
exposare  to  the  air,  hecoming  a  -'viscona  mass.  It  is  veiy  soluble 
in  water,  and  is  piredpitated  from  this  solution  by  the  addition  of 
alcohol,  and  more  complBtely  so  by  a  mixture  of  alcohol  and  ether. 
Its  aqueous  solution  has  tiie  property  of  rotating  the  plane  of 
polarisation  of  light  to  the  left.  Four  observations  made,  in  older 
to  determine  the  extent  of  this  rotating  power^  with  different 
weighed  samples  of  the  compound  diasolTed  in  25  cubic  ccnti- 
metres  of  water,  yielded,  for  V  of  SoleiPs  saccharimeter, 
0  020  grm.,  0  023' gi  m.,  0-027  grm.,  0'029  grm. ;  average 
0  024  grni.  S;unples  belonging  respectively  tu  tlic  same  speci- 
mens as  tliosc  examined  in  the  instrument  were  burnt  in  order  to 
determine  the  weight  of  tlicir  asli ;  and  this  was  subtracted  from 
the  weight  of  the  corresponding  substance  employed  for  the 
determination  of  its  optical  properties.  Therefore,  0  024  grm.  of 
the  substance  under  consideration,  or  a  weight  closely  approximating 
to  that  dissolved  in  25  c.c.  of  distilled  water,  gives  1°  rotation  to 
the  left  in  Soleil's  saccharimeter.  I  need  hardly  add  that  the 
action  of  a  solution  of  the  substance  on  the  saccharimeter  is 
perfectly  proportioned  to  the  strength  of  the  soltttion;  this, 
however,  I  determined  by  actual  experiment. 

The  substance  exposed  to  heat  bums  away  almost  entirely,  learinf^. 
■mall  and  Tarying  pioportions  of  ash.  W  ith  tannic  acid,  its  sdntioB 
yields  an  immediate  and  abundant  precipitate ;  it  is  not  precipitated 
\gy  nitrate  of  silver,  and  bichloride  of  mercury  induces  in  its  sdutiona 
a  slight  turbidity.  Neutral  acetate  of  lead,  in  some  casei^  gave  no 
precipitate;  in  others,  precipitates  more  or  less  abundant  were 
produced ;  these  precipitates  were  evidently  aacidentfd,  since,  with 
some  specimens,  I  fiiiled  to  obtain  a  trace  of  turbidity  on  the 
addition  of  neutral  acetate  of  lead ;  and  in  others  the  turbidity  was 
but  very  slight.  When  this  reagent  had  exerted  no  action,  the 
addition  of  a  few  drops  of  ammonia  to  the  solution  of  this  salt, 
without  impairing  its  transpareiicy,  caused  a  precipitate  to  appear 
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in  the  solution  of  the  compound  under  consideration,  just  as  in  the 
case  of  peptone.  Basic  acetate  of  lead  gave  a  precipitate  which  in 
most  instances  was  soluble  in  an  excess.  I  have  recently  obtained 
a  sample  of  the  polarizing  substance  which,  when  dissolved 
in  water,  yielded  no  precipitate  with  neutral  acetate  of  lead, 
and  with  basic  acetate  of  lead,  a  predpitate  soluble  in  an  exc^a^ 
behaving,  therefore,  precisely  like  peptone.  The  aqneoaa  solaticHi 
is  not  pFecipLtsted  by  alkalies  or  mineral  adds. 

With  reapeet  to  ita  chemical  oompoaition,  the  anbatance  wider 
conaideration  oontaina  both  nitrofoa  and  sulpirar.  Dissolved  ia 
water,  it  readily  nndergoes  apontaneoua  decomposition^  especialty 
in  summer,  when,  after  two  or  three 'days,  the  fluid  beoomea 
turbid,  and  shortly  afterwards  begins  to  emit  a  putrid  smelL 

In  addition  to  this  substance  possessing  the  chemical  properties  of 
peptone,  I  may  observe,  that  the  method  adopted  for  its  prepara- 
tion is  precisely  that  which  would  yield  peptone,  and  this  substance 
must  exist  in  gastric  juice,  unless  every  j)rccaution  be  taken  to 
obtain  the  secretion  perfectly  free  from  the  products  of  digestion. 

In  order  to  control  the  above  chemical  resvdts,  and  determine 
with  every  degree  of  certainly,  whether  the  polarizng  constituent 
of  gastric  juice  is  secreted  in  the  stomach,  or  is  actually  a  product 
of  digestion,  I  have  obtained  gastric  juice  after  washing  out  of  tlie 
stomach  all  that  it  contained,  and  then  again  exciting  the  secre- 
tion by  causing  the  dog  to  swallow  fragments  of  bones  from 
which  the  flesh  had  been  carefully  picked.  On  two  other  occa- 
sions, with  the  view  of  avoiding  even  the  possibility  of  the  sub- 
stance given  to  the  animal  undergoing  digestion,  I  used  small  sfli* 
clous  pebbles  instead  of  bones.  When  the  secretion  was  excited  by 
fragments  of  bones,  I  obtained,  in  two  experiments,  samples  of  gaa? 
trie  juice  which  acted  slightly  on  polaiiied  light,  both  showing  7*. 
In  my  two  ezperimenta  with  the  pebbles,  I  <^tained  no  rotatkm  at 
all;  the  secretion  contained,  therefore,  none  of  the  substance 
under  consideration,  proving  thereby,  that  it  ia  not  secreted  witii 
the  gastric  joice,  and  consequently  that  its  invariable  presence  in 
the  animal  Buid,  when  excited  by  means  of  wind-pipea  or  soft 
booea,  must  be  the  result  of  some  process  of  digestion. 

The  next  point  of  importance  and  interest  was  to  ascertain 
"which  is  the  substance  transformed  in  the  stomach  into  polarizing 
peptone.  I  am  engaged  at  present  with  this  part  of  the  investi- 
gation. So  far,  I  have  obtained  proofs  that  cartilaginous  struc- 
tures, such  as  the  trachea  (oxen  and  sheep),  and  also  bones 
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eontaining  cartilage,  yields  under  tlie  action  of  gaatric  juice,  the 
tubstance  in  qnestion.  The  following  are  the  principid  ezperi- 
menta  from  which  this  retnlt  b  derived. 

Experiment  1. — eicited  the  accretion  of  gastric  juice  by 
giving  to  one  of  the  dogs  some  oxen's  windpipe^  boiled^  but  quite 
hard.  The  last  quantttiea  of  gastric  juice  extracted  were  not 
mixed  with  the  first ;  the  first  quantity^  filtered,  gave  two  ounces 
and  four  drachms^  the  second  quantity  six  drachms^  to  which  one 
drachm  of  the  fir8t  quantity  was  added^  in  order  to  procure 
enough  for  the  saccharimcter.  The  first  quantity  showed  32° 
rotation  to  the  left,  the  second  quantity  showed  40°.  It  appeared, 
therefore,  that  the  wind-pipe  used  for  causing  the  secretion  had" 
been  partly  digested,  and  transformed  into  polarizing  peptone ;  for 
if  the  optical  properties  of  the  fluid  had  been  due  to  any  other 
food  which  had  remained  in  the  dog^s  stomach  since  it  had  been 
last  fed  (although  it  was  fasting  at  tlie  time  of  the  experiment), 
instead  of  having  an  increase  of  deviation  from  32**  to  40%  we 
should  rather  have  expected  a  decrease  of  the  rotating  power. 

Experiment  2. — The  first  and  second  quantities  of  gastric  juice 
extracted  in  the  preceding  experiments  were  mixed  together,  the 
fluid  showing  (It  ought  to  have4been34)'5^  I  cannot  account 
for  the  discrepancy.)  I  took  two  quantities  of  the  secretion,  each 
measuring  H  ounce,  and  placed  them  in  two  bottles  of  the  same 
aiie;  to  one  quantity  I  added  20  grammes  of  boiled  wind-pipe  cut 
up  into  amall  pieces^  and  both  botties  were  exposed  forone  honrto 
a  temperature  of  40^  Centigrade,  during  which  time  the  fluid  con- 
taining the  wind-pipe  was  frequently  stirred*  After  an  hour  the 
miztufe  was  filtered^  when  it  appeared  to  me  that  the  cartilaginous 
fragments  had  been  partly  diasolyed,  the  edges  having  become 
somewhat  rounded  and  worn  oiF.  Thid  next  day  the  filtrate  was 
examined  in  the  saocharimeteTj  when  its  action  was  found  to  be  so 
powerful  that  the  instrument  was  no  longer  available.  In  order  to 
obviate  this  difficulty,  I  measured  oiX  1  i  cubic  centimetres  of  the 
gastric  juice,  and  diluted  it  with  an  equal  volume  of  distilled 
water.  The  diluted  fluid  was  introduced  into  the  tube  of  the 
instrument,  and  examined,  when  it  showed  33°  rotation.  From 
this  experiment,  it  is  obvious  that  1^  ounce  of  gastric  juice, 
showing  32°  rotation,  after  digesting  20  grammes  of  boiled  oxen's 
trachea  for  one  hour  at  a  temperature  of  exhibited  66°  rota-  • 
tion ;  its  optical  power  had,  therefore,  increased  to  more  than 
double ;  the  polarizing  peptone,  which  had  been  originally  3  per 

VOL,  XIV.         '  T 


Digitized  by  Google 


266      DB.  MARC£T  ON  CONSTITUENTS  OF  GASTRIC  JUICB. 


cent.,  beings,  consequently,  at  the  conclusion  of  the  experiment/ 
G  3  [)cr  cent,  of  the  ^a^tric  juice.  The  other  sample  of  gastric 
juice,  wliich  had  I)ccn  used  for  the  sake  of  comparison,  showed 
31°  at  tlie  close  of  tiic  experiment  j  the  dilTerence  of  1°  is  sosmall^ 
that  it  need  not  be  taken  into  conBidcration. 

ETpcTuiumt  3. — One  of  tlie  dogs,  after  fasting  for  forty-two 
hours,  was  allowed  to  eat  fragments  of  hard  bone  cut  up  and 
perfectly  free  from  flesh.  A  first  supply  of  about  two  ounces  of 
gastric  juice  was  obtained  under  the  influence  of  tliesehard  bodies, 
and  this  was  thrown  on  a  filter.  I  then  gave  the  dog  some  more 
pieces  of  bone,  but  these  contained  pieces  of  cartilage  adhcringj 
to  them,  or  were  partly  cartilaginous.  The  animal  ate  these 
greedily,  and  1  obtained  a  second  quantity  of  the  gastric  fluid, 
more  abundant  than  tlie  first ;  this  was  filtered  separately,  and 
yielded  a  fluid  nearly  as  colourless  as  water.  The  next  day  I 
examined  both  samples  of  gastric  juice  in  SoleiFs  pcjlariscopc. 
Tbat  obtained  by  the  first  process,  i.e.  after  giving  the  animal  bones 
free  from  flesh  and  cartilage,  showed  between  G"  and  V  rotation  ; 
the  samples  extracted  after  the  dog  had  eaten  the  bones  and  ear- 
tilnge,  showed  between  1 7°  and  1  S°  rotation  ;  it  is,  conscipu  ntly, 
evident  that  the  cartilaginous  part  of  the  bones  had  undergone 
digestion,  and  had  increased,  or  greatly  contributed  to  incn  ase, 
the  tpiantity  of  polarizing  peptone  from  0"6  per  cent,  to  1*6  per 
cent,  of  the  gastric  juice. 

Finally,  I  may  state  that  the  residue  of  gastric  juice  obtained 
with  wind-pipe  or  soft  bones,  contains  a  very  large  perc(Mitage  of 
polarizing  peptone.  In  one  instance,  where  the  indication  iu 
iSoleiPs  polariscope  was  31*^,  the  proportion  of  the  substance 
anu>unted  to  no  less  than  78  per  cent,  of  the  dry  residue;  and  in 
another  instance,  where  the  gastric  juice  sliowed  only  7°  rotation, 
the  [)r«)i)()rlion  of  this  substance  amounted  to  32  i)er  cent,  of  the 
dry  r(  sultic.  In  these  determinations  a  known  weight  of  gastric 
juice  M  as  neutralized  with  a  normal  solution  of  potash,  and  then 
evaporated  to  dryness  ;  the  weight  of  the  potash  added  was  after- 
wards  subtracted  from  that  of  the  dry  residue. 

I  have  so  far  assumed  that  there  is  no  other  substance  in  gastric 
juice  which  rotates  the  phine  of  polarization  of  liirht ;  indeed,  this 
appears  to  me  satisfactoi  ily  shown  by  the  investigations  related  iu 
•    the  present  conimunieation. 

The  follownng  results  are  derived  from  my  researches  on  the 
constituents  oi  gastric  juice. 
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1.  Thai  gastric  jiiice»  when  its  aedetton  ii  accited  hy  means  of 
soft  (cartilaginom)  bcmes^  or  tlie  tubstanoe  of  wind*pipea^  is 
invariably  poasesBed  of  ihe  property  of  rotating  move  or  less  the 
plane  of  polarization  of  light  to  the  left. 

2.  That  this  opticid  property  of  gartric  juice  is  due  to  its 
oontsining  a  substance  exhibiting  the  chemical  properties  of 
Lehmann's  pqUone,  a  product  of  digestion;  and  0*024  grammes  of 
the  substance^  or  a  weight  closely  approximating  to  this,  dinohred 
in  25  c.c.  of  water,  rotates  the  plane  of  polarization  1^  in 
Soleil's  saccharimeter. 

8.  That  gastric  juice,  when  obtained  after  washing  out  the  animal's 
stomach  with  water,  and  exciting  its  secretion  by  means  of  non- 
digestible  bodies,  such  as  silicious  pebbles,  exerts  no  action  what- 
ever on  polarized  light,  thereby  confirming  the  second  conclusion. 

4.  Tliat  there  is  every  reason  to  believe  the  above  substance  to 
be  the  only  constituent  of  gastric  juice  possessed  of  the  property 
of  acting  on  polarized  light. 

5.  That  the  substance  to  which  gastric  juice  owes  its  optical 
properties  is  a  product  of  digestion  of  the  wind-pipes,  or  <rf  the 
soft  or  cartilaginoiis  bones  used  for  exciting  its  secretion. 


Xa^'-On  the  Peromde9  $f  Baamum  and  Sodmm. 

By  A.  Vernon  Harcourt,  Esq.,  F»C.S. 

(8ZCDB2IX  OV  OaUBTOHUBOH.) 

In  1810,  three  years  after  the  disooTeiy  of  the  metals  of  the 

alkalies,  the  products  of  their  oxidation  were  investigated  by 

MM.  Gay-Lussac  and  Th^nard  in  France,  and  by  Sir  Hum- 
phry Davy  iu  this  country.  These  metals  could  then  be 
obtained  only  in  very  small  quantity.  Sir  11.  Davy  seems  to 
have  used  in  liis  experiments  from  one  to  eight  grains,  and 
MM.  Gay-Lussac  and  Thenard  employed  a  measured  quantity 
which  weighed  no  more  than  ^,th9  of  a  grain.  Another  source 
of  error  in  both  sets  of  experiments  was  that  the  oxidation, 
instead  of  being  allowed  to  proceed  slowly,  was  suddenly  eflected 
at  a  high  temperature  by  burning  the  metals  in  air  or  oxygen.  It 
is  probably  to  these  two  causes  that  we  must  attribute  the  fact 
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that  these  distinguished  chemists  fiuled  to  aaoertain  the  oouBtito* 

tion  of  the  alkaline  peroxides. 

MM.  Gay-Lussac  and  Th^nard*  give  a  [table  of  the  numbers 
which  they  obtained  by  burning  a  known  weight  of  potasaioiia  in 
oxygen,  and  measuring  the  Yolume  of  gas  absorbed.  Theae 
numbers  are  in  truth  singularly  discordaaty  and  the  authors 
draw  from  thooi  no  other  oondosion  than  that    the  xiiili— iImiii 
had  combined  with  twice  and  even  three  times  m  much  oxygea  as 
it  requires  to  pass  into  the  state  of  potash.''   In  tiuree  ezpori. 
ments  they  weighed  the  oxide,  formed^  in  order  to  prore  that 
"  whaterer  is  the  quantity  of  oxygen  wMbh  potaasinm  abaosfas,  the 
weight  of  the  oxide  is  always  eqnal  to  that  of  the  potaaainm 
employed  and  of  the  oxygen  absorbed,  and  therefore  no  volatile 
product  is  disengaged."    In  those  three  expLiiinents,  however,  the 
weight  of  oxide  formedi^  eompared  with  that  of  the  potassium 
employed,  agrees  with  the  supposition  that  this  body  is  a  teroxide. 
15 ut  it  is  plain  from  the  expressions  above  quoted  that  the  authors 
did  not  regard  them  as  decisive  of  this  point.    With  reference  to 
the  peroxide  of  sodium,  they  state  similarly,  as  the  result  of  their 
experiments^  that  "  sodium  can  take  up  half  as  much  oxys:nn  again, 
as  it  requires  to  pass  into  the  state  of  soda,  and  even  more/'  Sir 
H.  Davy  referring  to  this  research  says,t  "  I  have  been  able  to 
confirm  in  a  general  way  these  interesting  results,  though  I  have 
not  found  any  means  of  ascertaining  accurately  the  quantity  of 
oxygen  oontahied  in  these  new  oxides/' 

These  extracts  are  sufficient  to  show  that  the  definite  statements 
as  to  the  constitution  of  these  bodies,  which  have  Ibnnd  their  way 
into  most  works  on  chemistry^  and  which  are  at  vaiianoe  witJi 
my  conclusions,  cannot  rightly  claim  the  authority  of  the  great 
names  which  they  allege. 

The  CKperimenta  of  which  I  am  about  to  give  an  aoooimt 
originated  some  time  ago  in  the  investigation  of  the  actiooL  of 
carbonic  oxide  upon  potassium  made  by  Fkoteor  Brodie,  under 
whose  directions  the  earlier  and  more  critical  of  them  were 
performed.  They  have  been  conducted  thronghoat  in  the  labora- 
tory of  the  University  of  Oxford. 

The  primary  experiment  consists  in  submitting  a  known  weight 
of  potassium  or  sodium  to  the  regulated  action  of  oxygen  gas. 
It  is  necessary  for  this  purpose  that  the  metal  should  be  puie^  aA.d 

^  Beeherchefl  PhyKtco-chimiqnes,  Tome     pw  182. 
t  Bakerian  Lectors,  1810. 
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hm  M  dean  a  tnrfiMe  as  pomUa;  both  thai  it  may  be  aooarately 
weighed,  and  beoause  a  enut  of  hydrate  hinden  the  aotion  of  the 
gaa.  Ab  its  pfepaiatkm  in  this  oondifeuni  lequires  some  little 
care,  and  is  thus  essential  to  the  success  of  the  operatum,  it  may 
not  be  out  of  place  to  describe  the  means  by  irfaicfa  it  has  been 
e&cted. 

The  potassinm  or  sodinm  was  first  purified,  shortly  bdbxe  being 
nsed,  by  filtration  through  linen.  The  arrangement  finally 
adopted  for  this  purpose  consists  of  two  tubes,  of  which  the  outor 

is  a  large  and  stout  test-tube,  about  eight  inches  long  and  rather 
more  than  an  inch  in  diameter ;  the  inucr  is  of  the  same  length 
but  one-third  narrower,  and  open  at  both  ends.  Over  one  end  of 
the  inner  tube,  which  is  bent  outwards  into  a  lip,  a  piece  of  linen 
is  tightly  bound.  This  smaller  tube  should  reach  to  within 
about  an  inch  and  a-half  from  the  bottom  of  the  larger,  and  it  is 
secured  in  this  position  by  pacing  through  a  cork  which  fits 
loosely  into  the  outer  tube.  For  a  piston^  I  employ  a  cylindrical 
cork,  which  will  pass,  by  gentle  pressure^  from  end  to  end  of 
the  inner  tube,  and  a  stout  glass  rod  for  piston-rod.  A  small 
hole  pierced  in  the  cork  permits  the  air  to  escape  when  the  piston 
is  being  forced  down,  but  does  not  allow  the  passage  of  the 
melted  metal.  When  the  apparatus  is  thus  complete,  it  is  half 
filled  with  naphtha,  and  the  globules  of  potassium  (or  lodiiim,  as 
the  esse  may  be,)  are  introduced  into  the  inner  tube.  Ten  or 
twel?e  grammes  may  conyenieatly  be  filtered  at  one  operation  in 
tubes  of  the  siae  described.  The  temperature  is  caiefiilly  raised 
nntil  the  potassinm  fbses;  the  oork  is  then  introduced  and  pressed 
gradually  down  npon  the  melted  metal,  which  passes  in  a  fine 
shower  through  the  linen  strainer  to  the  bottom  of  the  outer  tube, 
and  is  perfectly  fireed  firom  its  ooatuig  of  oxide.  When  the  whole 
haa  cooled,  the  inner  tube  is  removed^  and  the  smsll  metallic 
particles  may  be  aggregated  into  globules  of  a  convenient  size  by 
being  again  fused  and  judiciously  sturred  and  pressed  with  a  gla^s 
rod.  In  order  to  free  from  naphtha  and  introduce  into  the  bulb, 
iu  which  it  is  to  be  subjected  to  the  action  of  the  gas,  a  suflicient 
quantity  of  potassium  at  one  operation,  a  number  of  these  smaller 
globules,  are  cast  into  a  cylinder.  I  employ  for  this  purpose  a 
glass  tube,  of  about  half  an  inch  in  diameter,  and  three  inches 
and  a-half  in  length,  which  has  been  closed  at  one  end  like  a 
test-tube  and  then  divided  by  a  crack  lengthwise,  from  end  to 
end*   The  two  halves  arc  re-imitcd  for  the  operation  by  being 
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bound  round  with  thread,  nnd  the  mould  thus  formed  is  placed  in 
a  wider  but  rather  shorter  teat-tube.  It  is  then  two-thirds  filled 
with  naphtha,  which  pastes  also  into  the  outer  tube,  and  the  clean 
globules  of  potassium  are  rapidly  introduced ;  hy  applying  heat  and 
■tirriiig  with  a  thin  glass  rod^  the  globules  are  readily  united  into 
one.  In  tbia  way  a  solid  cylinder  of  potasaiom  is  obtained, 
between  one  and  one  and  a-hidf  inch  in  length,  and  weigfaingr 
from  two  to  three  grammea,  which  eiystaUiaea  on  codling  with  a 
brilliant  metallic  torfiioe. 

The  appantos  used  in  the  actus!  oxidation  of  the  metal  oon- 
fliata  of  a  gaa-bolder  of  air  and  a  gas-holder  of  oxygen ;  a  waahing 
bottle>  contaimng  solution  of  caustic  potash,  with  which,  by 
means  of  two  separate  tubes  dipping  into  the  fluid,  both  gas- 
holders communicate;  a  Lie  big's  bulb-apparatus,  filled  with  the 
same  solution ;  two  U-tubes,  containing  respectively  fragmc-nts  of 
caustic  potash,  and  pumice  imprognatcd  with  strong  sulphuric 
acid;  a  bulb  of  hard  glass,  in  which  the  metal  is  exposed  to  the 
action  of  the  gas ;  an  air-bath  for  maintaining  the  bulb  and  its 
contents  at  a  uniform  temperature ;  and,  lastly,  a  bulb-tube  con- 
taining sulphuric  acid,  through  which  the  gas  passes  as  it  issues 
from  the  apparatus.   This  bulb-tube  (fig.  1)  serves  to  dose  the 


Fig.  2. 


apparatus  against  diOusion,  to  mark  the  rate  of  passage  and 
pressure  of  the  gas,  and  to  dry  any  bubbles  of  air  which  a  too 
rapid  absorption  may  draw  back  into  the  bulb.  The  capacity  of 
the  bull)  itself  (fig.  2)  is  about  150  c.  c.  It  is  provided  with  an 
india-rubber  cork,  through  which,  two  small  tubes,  bent  at  a  right 
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angle,  pass  into  its  interior.  These,  wlien  gas  is  to  be  trans- 
mitted, are  connected  by  pieces  of  caoutchouc  tubing,  one  with 
the  drying  apparatus,  and  the  other  with  the  bulb-tube.  They 
are  dosed  when  the  bulb  U  zemoved  from  the  apparatus  wi^ 
phigs  of  india-rabber. 

The  first  operation  is  to  dry  the  bulb  absolutely  by  connecting 
it  with  the  apparatus^  and  heating  it  while  a  current  of  air  is 
passed  through.  When  cool  it  is  again  disconnected^  doeed  by 
replacbg  the  plugs  in  the  deliTery-tubcBj  and  weighed.  It  is 
next  filled  with  dry  nitrogen,  and  again  weighed.  Meanwhile 
the  split-tube  in  which  the  metal  has  been  cast  is  transferred  to  a 
dish  containing  naphtha  of  a  low  boiling  point,  and  the  thieadj 
with  which  it  is  bound  together,  is  removed  *,  the  soUd  cylinder  is 
readily  detached  on  opening  the  mould,  and  may  be  washed  for  a 
moment  in  the  firesh  naphtha.  It  is  then  rapidly  transferred,  still 
covered  with  naphtha,  to  a  tube  through  which  a  current  of  dry 
nitrogen  is  being  passed ;  and  the  tube  is  immediately  clused  by 
a  cork  holding  a  pitce  of  small  tuhiug  drawn  out  to  a  fine  point. 
By  the  application  of  u  gentle  heat,  the  naphtha  may  be  com- 
pletely distilled  off  in  the  current  of  nitrogen.  ^Vhcu  this  is 
eli'ected,  and  the  bulb  is  in  readiness,  the  two  corks  are  removed 
simultaneously,  and  the  mouth  of  the  bidb  api)lied  to  the  end  of 
the  tube;  by  depressing  this  end  the  cylinder  of  potassium  is 
caused  to  glide,  protected  by  the  nitrogen,  from  one  into  the  other. 
The  cork  with  its  glass  tubes  is  replaced  and  the  bulb  and  potas- 
sium weighed.  I  have  never  succeeded  in  bringing  the  metal 
into  the  bulb  with  its  lustre  unimpaired,  owing,  probably,  to  the 
presence  of  a  trace  of  oxygen  in  the  nitrogen  used  ;  but  the  undi- 
minished sharpness  of  th&  lines  of  crystallization  on  the  sur&ce, 
and  the  dull  metallic  appearance  which  it  still  retains,  seem  to 
show  that  the  superficial  oxidation  is  quite  insignificant.  When 
the  sur&oe  of  the  metal  is  dried  with  blotting-paper,  an  opaque 
white  crust  is  formed,  and  a  little  naphtha  always  remains  behind, 
howmeit  rapidly  and  carefully  the  operation  is  performed.  The 
bulb  is  now  placed  in  an  air-bath,  and  re-connected  with  the 
drying  apparatus  before  described ;  heat  is  applied,  and  when  the 
•  metal  is  in  a  state  of  fbsion,  air  is  very  slowly  passed  through. 
The  point  at  which  the  action  commences  has  varied  in  different 
experiments.  With  potassium  it  is  generally  rather  above  lOCf  C, 
and  with  sodium,  about  200''  C.    In  both  cases,  when  the  action 
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is  once  set  up,  it  will  continue  at  a  much  lower  temperature,  down 
apparently  to  the  point  of  solidification  of  the  metal. 

The  phenomena  of  the  oxidation  of  potassium  are  remarkable.* 
Soon  after  the  dry  air  has  begun  to  mix  with  the  nitrogen  in 
the  bulb,  the  grey  film  which  covers  the  molten  metal  changes 
to  a  deep  blue ;  the  sur&oe  gradually  becomes  rougheiied  by  little  , 
wrinklea  and  prqjectioiis,  and  a  moment  arrives  when  a  amgle, 
^iluttering  spark  appears  at  one  point  and  a  dust  of  white  oxide 
rises  in  the  bulb.  At  this  instant  the  absorption  begins.  If  Teiy 
little  oxygen  ia  present  in  the  bulb,  the  action  is  perfectly  manage- 
able, and  the  quantity  of  white  oxide  floating  about  ia  insignificant. 
But  if  the  nitrogen  has  been  replaced  by  air  too  quickly,  a  rapid 
absorption  takes  place,  until  the  degree  of  dilution  requisite  fyt  a 
gradual  action  has  beoi  attained,  and  a  dond  of  oxide  covers  the 
inner  surface  of  the  bulb,  and  passes,  with  each  bubble  of  gas, 
through  the  sulphuric  acid  out  of  the  apparatus.  If,  to  olmate 
this,  a  plug  of  asbestos  is  placed  in  the  exit  tube,  it  becomes 
choked,  and  the  transmission  of  gas  is  no  longer  possible.  At 
the  point  at  which  the  spark  makes  its  appcuraucc,  the  blue  crust 
becomes  white,  and  this  change  passes  in  a  moment  over  its  whole 
extent.  Immediately  afterwards  it  disappears  entirely  beneath  the 
liquid  metal,  whose  smooth  surface  is  soon  ])roken  by  innumerable 
projections  which  ascend  and  ramify  with  a  steady,  visible  growth, 
having  the  white  lustre  of  frosted  silver.  At  the  same  time  the 
metal  climbs  rapidly'  up  the  surface  of  the  i^lass,  extending  in 
broad  foliations,  which  grow  together  from  side  to  side  and  cover 
sometimes  the  whole  of  the  interior  of  the  bulb.  In  more  than 
one  instance,  the  experiment  has  been  abruptly  terminated  by  this 
exuberant  growth  having  reached  to  the  deliveiy-tubes  and 
stopped  the  passage  of  the  gas.  This  phenomenon  is  probably 
due  to  the  rising  of  the  liquid  metal  by  capillary  attraction 
tibrough  the  bulky  powder  which  v»  being  constantly  formed  npon 
its  suirfBce.  At  each  p<»nt  jo  which  it  thus  ascends,  it  is  converted 
into  fresh  oxide,  which  is  flooded  in  its  turn  by  flresh  metal*  After 
two  or  three  hours,  according  to  the  rate  at  which  air  has  been 
introduced,  the  whole  becomes  solid  and  the  growth  oeases. 
Gradually,  as  the  oxidation  proceeds,  the  metallic  coating  of  the 

*  The  changes  wkich  take  place  may  conveniently  be  observed  by  UBiBg  a  bearer 
fnr  iip>bttti  daring  tlie  iisfc  itagosof  the  aetion. 
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inner  sur&ce  of  the  bulb  changes  to  a  dead  white,  and  ih»  bril- 
liant undergiowth  onunbles  down  into  %  ahapekeis  powder. 

No  one  who  has  watched  these  changes  can  doubt  that  the 
action  consists  ol  at  least  two  stages.  By  carefully  regulating  the 
heat  and  the  supply  of  air,  neadj  the  whole  of  the  potassium  may 
be  converted  into  a  white  cadde.  I  have  endeayonied,  by  discon- 
tinning  the  action  and  wdghing  tbe  bulb  and  its  contents,  to 
detennine  exactly  the  amount  of  oxygen  which  had  been  absorbed 
when  this  point  was  reached.  But,  in  every  case,  before  the  dark 
metallic  foliations  had  quite  disappeared^  some  portions  of  the 
oxide  had  assumed  the  yellow  colour  characteristic  of  the  final 
product.  Two  weighings  made  at  this  point  render  it  probable 
Hiat  the  white  oxide  is  a  binoxide ;  but  I  have  never  yet  terminated 
the  action  at  this  stage  and  made  an  analysis  of  the  product, 
because  of  the  evident  want  of  homogeneity  above  mentioned. 
Finally  the  temperatuie  is  raised,  and  oxygen  transmitted  in  the 
place  of  air.  Even  at  this  point,  the  operation  may  be  ruined  by 
a  too  speedy  admission  of  tlie  pure  gas;  for  great  heat  is  pro- 
duced by  the  rapid  absorj^tion  thus  set  up,  sufficient  even  to  melt 
the  oxide  which  has  been  formed ;  the  glass  is  attacked,  and  the 
fused  mass,  having  become  impervious  to  the  gas,  is  incapable  of 
complete  oxidation.  The  safest  course  is  to  employ  air  until 
nearly  the  whole  is  converted  into  yellow  oxide. 

The  action  is  brought  to  a  dose  only  with  difficulty,  or  at  least 
after  a  long  time.  I  give  one  example :  -The  weight  of  potassium 
in  the  e]qperiment  was  1*608  gms.  The  first  weighing  was  made 
when  the  conversion  into  yellow  oxide  appeared  to  be  effected. 


The  final  product  is  a  powder  of  the  colour  of  chrome  yellow.  It 

cakes  together  when  subjected  for  some  hours  to  a  temperature  of 
280°  C,  biit  may  in  great  part  be  broken  up  within  the  bulb,  and 
separated  from  the  sides  by  gentle  tapping  and  shaking.  When 
exposed  to  the  air,  it  rapidly  absorbs  moisture  and  gives  off  oxygen. 
It  effervesces  strongly  on  being  thrown  into  water.    It  contains 


Weight  of  bulb  and  oxide 

Do.  after  the  passage  of  oxygen  for  8  hrs. 


at 


210*'  C.  29-3924 

280°  29-3497  ' 

280**  29-3G45 

280**  29-3658 

230°— 280'  29  3725 

270—280°  29-373 


29-2624 


Digitized  by  Google 


274  A,  VJBSNOM  BABOOURT  OK  TBB 

four  atoms  of  oxygen,  and  is  represeuted  by  the  formula  K^O^.* 
The  actiou  of  water  upon  it  consists  iu  the  formation  of  two  atoms 
of  oxygen  gas  and  one  atom  of  biuoxide  of  potassium^  tbna 

I  have  aaoertained  the  oonBtitiition  of  this  body  by  deierntiiuiig, 
(1)  the  potassiam  which  it  oontabu,  (2)  the  oxygen  evolved  from 
it  by  the  contact  of  water  and  platinum  black,  (8)  the  oigrgen 
evolved  by  the  contact  of  water  alonCt  and  (4)  the  oxygen  remain- 
ing in  form  of  binoxide  in  the  aqneona  solntion. 

1.  — a,  2*7665  grms.  of  potassium  yielded  4*925  grms.  of  peroxide. 

b.  1'6079  grms.  potassium  yielded  2*8779  grms.  peroxide. 

c.  '2946  grm.  peroxide  gave  ''6GkS  grm.  aulphatc  of  potas- 

sium. 

d.  '2276  grm.  peroxide  gave  '2765  grm.  sulphate  of  potas- 

sium. 

e.  '4495  grm.  peroxide  gave  '4481  grm.  sulphate  of  potas- 

sium. 

/.  '1414  grm.  peroxide  required  for  neutralization  7*07  c.  c. 
of  a  standard  solution  of  sulphuric  acid,  of  which  1  c.  c., 
according  to  a  determination  with  chloride  of  barium, 
corresponded  to  *01115  gnn.  potassium. 
ff,  *6093  grm.  peroxide  required  49*26  c  c.  of  a  sulphuric 
acid  solution^  of  which  1  e.  c  comeponds  to  *005682 
grm.  potasdwn. 

2.  — ^*  '6844  grm.  peroxide  was  introduced  into  a  small  appa- 

ntns  contrived  by  Professor  Brodie^  consisting  a 
flask,  m  which  the  weighed  amount  of  oxidB  is  placed^ 
together  with^  in  these  experimentSi  a  small  quantity 
of  platinum-blaekj — a  stoppered  bulb,  containing 
the  flnid  which  is  to  be  brought  into  contact  wiUi  tlie 
oxide,  and  a  potash-tube  to  dry  the  escaping  gas. 
By  loosening  the  stopper  of  the  bulb,  the  water  is 
suffered  to  descend  upon  the  peroxide;  a  \iolcnt 
cffen'escence  ensues.  Five  or  ten  minutes  are  gene- 
rally sufficient  to  complete  the  action.  The  loss  of 
oxygen  in  this  experiment  amounted  to  '1H94  ^rm. 
b.  '584  grm.  peroxide,  treated  in  the  same  way,  lost  '1825 
gnn.  oxygen. 

•  0  =  16;  3  =  82;  C  -  12. 
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3. — These  experiments  were  made  in  exactly  the  same  way  as 

the  last  two^  except  that  no  platmum-black  waa  placed  in 

the  flask. 

a.  '4495  grm.  peroxide  lost  '0906  gnu.  oxygen. 

d,  '2927  grin,  peroxide;  lost  '0624  grm.  oxygen# 

e,  'disk  grm.  peroxiile  lost  '121  grm.  oxygen. 
d.  •5291  grm.  ])croxi(le  lost  '1098  grm.  oxygen. 

Til  a,  the  flask  was  immersed  in  a  freezing  mixture  during  the 
decomposition.  In  b,  the  water  used  was  acidulated  with  sidphuric 
acid.  IJotii  methods  were  sneeessfid  in  preventing  the  deeoin- 
position  of  tlie  solution  of  binoxide  which  is  fonned.  Tn  c,  neither 
prc'i'jmtion  m  ;is  taken^  and  bubbles  continued  to  rise  through  the 
fluid  after  the  termination  of  the  first  action.  The  numher  repre- 
senting the  loss  of  oxygen  is  for  this  rea^-^on  too  high,  and  the 
binoxide  remaining  in  the  liquid,  determined  innnediately  after- 
waxda  with  permanganate  solution,  was  proportionately  too  low. 

4.  — a,  '295  t  grm.  peroxide,  dissolved  in  water  acidified  with 

sulphuric  arid,  deeolorized  5  1-39  c.  c.  of  a  solution  of 
permanganate  of  potassium,*  of  which  1  c.  C.  corre- 
sponded to  '000595  grm.  oxygen. 

b.  •2(M9  grm.  peroxide  thrown  into  water  containing  ice, 

eflfervesced  equally  on  the  first  contact,  and  decolorized 
37*53  c.  c.  of  the  same  standard  solution  of  perman- 
ganate. 

c.  '0899  grm.  peroxide  similarlj  treated,  required  16*27  c.  c 

of  permanganate, 

d.  "0595  grm.  peroxide  required  10*8  c.  e. 

9,  •0614  grm.  peroxide  required  ll'l  c.  c.  of  a  permanganate 
solution,  of  which  Ice.  corresponded  to  '000616  grm. 

oxygen. 

These  numbers,  calculated  on  a  hundred  parts  of  the  peroxide 
used,  are  compared  below  with  those  deduced  £rom  the  atomic 
weight  assigned  to  it. 

At.  W.     p.  c,        a.        b.         c.         d.         e.         /.  g. 
.  78      54-98    M17    5(-87    £6*51  MM    66  8  64*06 

*•       O4      64  46-07 

K,04     14a  100*00 

*  This  reaction  has  been  ascertained  bj  Profceaor  Brodi«to  bd  poftetlf  defiaitt^ 
Um  two  aolttiiomi  looiii^  eaciljr  equal  qasatitiw  of  oiygen. 
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T  am  sensible  that  numbers  might  be  obtained,  agreeing  more 
closely  than  some  of  these  do  with  the  calculated  results ;  bat-^ 
regarding  especially  the  ratio  of  the  weights  of  oxygen  in.  the 
three  sets  of  determinatioos^ — ^these  seem  to  me  already  sufficient 
to  leave  no  doubt  as  to  the  eonstitution  of  this  peroxide. 

The  phenomena  of  the  oxidation  of  sodium  resemble^  in  some 
degree,  those  already  described  as  occurring  in  the  case  of  potas- 
slum..  But  tiiey  are  far  less  striking.  The  growth  upon  the 
sur&oe  of  tibe  fhsed  metal,  in  the  first  stage  of  oxidation,  is  lower 
and  less  tree-like ;  its  lustre  is  soon  dulled  by  a  covering  of  white 
oxide.  The  metal  does  not  spread  itself  on  tlic  glass,  and  in  con- 
sequence a  larger  quantity  may  bo  operated  upon  at  once  iu  a  bulb 
of  the  same  size.  I  have  several  times  employed  Florence  flasks 
for  the  oxidation  of  sodium ;  but  they  are  always  attacked  to  some 
extent  by  the  oxide,  which  has  more  action  upon  glass  than  the 
peroxide  of  potassium  at  the  same  temperature.  A  shorter  time 
and  a  rather  lower  temperature  is  required  for  the  complete  per- 
oxidation of  sodium  than  of  potassium.  The  peroxide  of  sodium  is 
of  a  pmc  white  colour;  like  the  oxides  of  zinc  and  tin,  it  becomea 
yellow  when  heated,  and  on  cooling  again  loses  this  tint.  Exposed 
to  the  air,  it  slowly  deliquesces,  and  after  a  while  resoUdifies  as 
carbonate.  Great  heat  is  produced  on  mixing  it  with  water,  and 
a  small  quantity  of  gas  is  evolved  ;*  the  quantity  is  least  when 
the  peroxide  is  in  the  state  of  fine  powder,  and  is  projected  Httle 

•  Thia  evolution  of  gas  probably  results  from  the  local  heating  of  the  moistened 
peroxide :  for  tho  owLOcntimtod  sUuline  aolulioa  i»  xK^dlj  dMasspoMd  M  the 

builiug  point. 
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by  Htde  into  a  kige  eoraeas  of  aoidnlated  waiter.  If  a  small  hei^ 
of  it  u  moifltened,  it  becomes  yellow  with  heat,  and  the  diiengagO" 
ment  of  gat  is  considerahLe.  It  oontains  two  atoms  of  ^ixygen,  and 
is  repieeented  by  the  formiila  Na^O,.  The  nonnal  action  of  water 
upon  it  consists  in  the  simple  solution  of  the  binoacide. 

I  have  detennined^  in  order  to  ascertain  its  oonstitatioo^  (I)  the 
sodium  which  it  contains^  and  (2)  the  weight  of  oxygen  whidi  it 
loees  by  the  contact  <^  water  and  platinnm^black,  or  when  lednced 
by  a  standard  solution  of  permanganate  of  potassium. 

1.  — a.  2"5225  <^rmB.  sodium  yielded  i-2 143  grms.  peroxide. 

b,  8'6418  grms.  sodium  yielded  6  1233  grms.  peroxide. 

c.  1 1*8085  grms.  sodium  yielded  19" 79  grms.  peroxide. 

d,  '2801  gnu.  peroxide  gave  '522  grm.  sulphate  of  sodium. 

e.  '1461  grm.  peroxide  gave  '8075  grm.  sulphate  of  sodium. 
/.  *3X18grm.  peroxide  required  for  neutralisation  28*1  c.  c. 

of  a  standard  solution  of  sulphuric  acid^  ot'  which  1 C.  C 
corresponds  to  '00658  grm.  sodium. 

g,  '352  grm.  peroxide  required  61*7  c.  c.  of  sulphuric  acid, 

of  which  1  c.  c.  corresponds  to  '003358  grm.  sodium. 

h,  '4132  grm.  peroxide  required  72*6  c*  c.  of  the  same  acid. 

2. '^.  '0979  grm.  peroxide  required^  to  impart  colour  to  its 

solution,  31*6  c.  c.  of  a  s<dution  of  permanganate  of 
potassium,  of  which  1  c  c.  oorresponded  to  '00063  grm,. 
oxygen* 

b,  '1124  grm.  peroxide  required  42*75  e.c.  of  a  solution  of 

which  1  c.  c.  corresponded  to  *000616  grm.  oxygen. 

c.  *0627  grm.  peroxide  required  8*4  c  c  of  a  solution  of 

whidi  1  c.  c.  coRei^Kmded  to  *000774  grm.  oxygen. 
d»  *I802  grm.  peroxide  required  88*46  cc.  of  tiie  same 
solution. 

e,  '0716  grm.  peroxide  required  18*88  c  o.  of  the  same.  . 
The  results  per  cent.,  derived  ^m  these  numbers,  are  exhibited 
below:" 

.    Kit       46     ff8'S7  59^47  691  M%4  dk$  0S 

*•    O,      82  41-oe 

KaA    78  100-00 


62 
16 


o.      ft.       A      41.  e. 

79-49 

2061    20^  19^4   19-88  1989  19-84 


78 


10000 
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Several  experiments  were  made  in  the  flask-and-bulb  apparatas, 
before  described,  of  the  action  upon  the  binozide  of  water  and 
platmnm-black.  The  numbers  arrived  at  agreed  perfectly  with 
those  obtained  in  the  detenainationa  with  permanganate  of 
potaarinm. 

When  a  lolntion  of  thia  binozide  of  aodinm  is  evaporated  on  a 
water-bath,  oxygen  ia  given  off,  alowlj  at  fiiat,  bat  rapidly  when 
the  aoUd  reridue  ia  beginning  to  separate.  But  if  the  evaporatioa 
ia  allowed  to  proceed  slowly,  at  ordinaiy  temperatures,  by  placing 
the  adntion  under  a  bell-jar  over  solphnric  add,  large  ,  tabular 
dyatala,  of  a  hexagonal  form,  make  their  appearance. 

These  crystals  are  a  hydrate  of  the  binozide  of  aodxom.  Their 
constitution  was  determined  in  the  following  manner : 

When  nearly  the  whole  of  the  water  had  evaporated,  the 
crystals  were  spread  rapidly  between  two  thick  folds  of  blottiug 
paper,  round  which  a  sheet  of  india-rubber  was  wrapped  to  prevent 
the  access  of  carbonic  acid.  The  whole  was  then  strongly  pressed 
for  eight  or  ten  hours. 

In  two  preparations,  the  crystals  thus  dried  were  at  once  divided 
into  two  portions  and  analysed.  One  portion  was  dissolved  in 
dilute  acid,  and  the  oxyp:en  contained  in  it  determined  by  a  standard 
solution  of  permanganate  of  potassium.  The  other  was  placed  in 
a  silver  boat  and  heated  in  a  current  of  dry  carbonic  acid^  hy 
which  the  binoxide  is  readily  converted  into  simple  carbonate;  ' 
the  water  which  separates  waa  collected  at  the  same  time  in  a 
weighed  dr^nng-tnbe.  The  increase  in  weight  of  this  tiibe  and 
the  weight  of  the  carbonate  which  has  been  formed,  indicate  at 
onoe  the  amoont  of  water  and  of  sodium  which  the  hydrate 
contains.  The  following  are  numbers  obtained  in  theae  analyaes; 
they  ahow  that  the  crystallized  hydrate  conaista  of  a  combiiiatioii 
of  one  atom  of  the  anhydrona  binoadde  with  ei^t  atoma  of 
water. 

Preparatum  1. — a.  *2546  gm.  of  ciystalliaed  hydrate  required 
29*72  c  c.  of  permanganate  solution,*  of  which  Ice.  yielded 
•0006116  grm.  oxygen. 

b.  -3968  grm.  of  hydrate  gave  -1912  grm.  carbonate  of  sodium, 
and  2527  grm.  water. 

Preparation  2. — a.  2350  grm.  of  hydrate  required  26*82  c. 
of  the  same  permanganate  solution. 

b,  '3614  grm.  of  hydrate  gave  -176  grm.  carbonate  of  sodium^ 
and  '2305  grm.  of  water. 
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.  To  place  it  beyond  a  doubt  tbat  the  rendue  in  tlieie  experiments 
consisted  purely  and  simply  of  carbonate  of  sodium^  it  was  washed 
into  a  flask^  coloured  with  litmos,  and  determined  by  means  of  a 
standard  add  solution.  The  results  obtained  were  oondusiTe^^ 
e.  *176  grm., — ^the  weight  of  carbonate  obtained  in  the  last 
experimentj — required  22*72  c.  c  of  an  add  solution,  of  which 
Ice.  corresponded  to  *008868  grm.  of  sodium.  This  wdght  of 
pure  csjrbonate  of  sodium  ought  theoretically  to  have  required 
22*74  c.  c.  of  such  a  solution. 

The  percentage  composition  of  this  hydrate  calculated  from  tlie 
foregoing  data  is  compared  below  with  that  deduced  from  the 
formula  assifj^ncd  to  it ;  the  oxygen  actually  found  being  half  that 
which  tlie  biuoxidc  contains^  its  number  is  doubled : — 


8H3O 


Prep.  2. 

46 

20*72 

20*91 

21*10 

82 

14-42 

14-28 

13-96 

144 

64-86 

63-68 

63-78 

222 

100-00 

98-87 

98-84 

NaaOa,811j,0 

*  In  a  third  preparation  of  the  hydrate,  the  quantity  of  water 
which  it  loses  when  left  to  effloresce  over  sulphuric  acid,  was 
detcrFuined.  The  crystals,  after  havinp^  been  dried  as  before,  and 
weighed  between  watcli-glasses,  were  exposed  under  a  bell-jar 
over  sulphuric  acid,  and  re- weighed  at  intervals  of  two  or  three 
days.  After  nine  days  the  weighings  became  constant^  and  the 
residue  was  determined  as  in  the  preceding  experiments. 

a.  *647  grm.  of  crystallized  hydrate  yielded  -3287  grm.  of 
effloresced  hydrate,  and  lost  consequently  *3183  grm.  of 
water. 

b.  '2226' 0m.  of  effloresced  hydrate,  heated  in  a  cnnent  of  dry 
carbonic  add,  yielded  «2071  grm.  of  carbonate  of  sodium.  The 
water  given  off  weighed  *071  grm. 

c.  *0288  grm.  of  effloresced  hydrate,  diaaolTed  in  acidified 
water,  decolonMd  6*98  0.  c.  of  a  solution  of  permanganate 
of  potassium,  of  which  1  c.  c.  corresponded  to  *0006116  grm.  of 
oxygen. 

The  weight  of  water  lost  by  the  crystallised  hydrate  in  Exp.  a, 
corresponds  to  six  out  of  the  eight  atoms  which  it  contains.  The 


Digitized  by  Google 


280 


YfiftMON  HABOOUET  ON  THB 


residue  must  therefore  have  the  constitutioii  Na^O^,  4lHfi, 
Determinations  b  and  e  confirm  this  condnsion* 


a. 

6TT2O 

Theory. 
114  51-35 
108  48f)5 

JTOttlUL 

49'2 

22;i  10000 

h 

Na« 
2Hj|0 

46  40*85 
82  28  06 
86  81*59 

40^7 
81*89 

Na,0„  211 

114  10000 

e. 

Na,0 
0 
2H»0 

62  54*88 
16  14*08 
86  81*59 

18*66 

Na,0^  2U9O 

114  100.00 

It  is  worthy  of  remark  that  this  hydrate  stands  in  the  same 
relation  to  a  sesquihydrate  and  a  protohydrate  in  which  the 
binoxide  stands  to  a  sesquioxide  and  a  protoxide.  For  if  we 
subtract  the  formula  of  a  protoxide  from  that  of  a  sesquioxide,  we 
obtain  the  formula  of  a  binoxide ;  and  similarly,  by  subtracting, 
the  formula  of  a  protohydrate  from  that  of  a  sesqoihydrate,  we 
obtain  the  formula  of  the  hydrate  of  this  binoxide 

M,03  M,H303  s  i-  (M,03  +  8H,0) 
M9O  MHO  ^^(Ufi  +  H,0) 

MjOa         M  H^O,         =  +  (MjOj  +  2H,0) 

Or  again,  as  we  compare  a  sesquioxide  and  the  hydrate  coneapond'- 
ing  with  a  protoxide  and  its  hydrate  by  the  assumption  of  a 
distinct  atomic  weight,  writing  e.  g.  fe^O,  and  feHO  where 
f  e  =  •§-  Fe,  so  the  binoxide  with  its  hydrate  may,  for  the  sake  of 
a  similar  comparison,  be  represented  by  the  formuUs  na^O  and 
naHO,  where  na  s  |  Na. 

The  formation  of  these  hydrates,  together  with  the  foct  of  the 
increased  stability  of  a  solution  of  peroxide  when  acidified,  sng- 
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gested  tlic  expectation  tliat  corresponding  salts  miglit  be  obtained. 
Accordingly,  three  portions  of  a  solution  of  binoxide  of  sodium 
were  exactly  neutralized  with  sulphuric,  nitric,  and  hydrochloric 
acids  respectively,  and  evaporated  to  dryness  by  exposure  over 
sulphuric  acid.  The  crystals  which  were  formed  consisted  simply 
of  sulphate,  nitrate,  and  chloride  of  sodium.  This  eJLperimeut 
was  repeated  with  the  same  result. 

It  has  been  stated  that  when  the  tetrozide  of  potassiam  is  pro- 
jected into  water,  a  solution  of  binoxide  is  formed.  It  seemed 
probable  that^  by  the  alow  evaporation  of  this  solution,  a  hydrate 
might  be  obtained  coneBpcinding  to  the  hydrate  of  the  binoxide  of 
sodinm.  Such,  however,  is  not  the  case.  Upon  reaching  a  certain 
degree  of  concentration,  the  solution  is  entirdy  decomposed,  with 
evolution  of  oxygen.  The  ultimate  residue  is  opaque  and  slightly 
crystalline.   It  contains  no  binoxide. 

The  behaviour  of  these  peroxides  with  vanoua  chemical  reagents 
offers  an  interesting  subject  for  investigation.  I  have  already 
made  a  few  experiments  of  this  hind,  a  brief  account  of  which  I 
may  be  allowed  here  to  append. 

The  general  form  of  these  experiments  has  been  the  same.  The 
peroxide  was  placed  in  a  boat  of  glass,  silver,  or  platinum,  and 
weighed  in  a  small  test-tube.  Tlie  boat,  with  its  contents,  was 
then  transferred  to  a  piece  of  combustion-tubing  connected  at  one 
end  with  an  apparatus  for  drying  the  gas  to  be  transmitted,  and  at 
the  other  with  a  bulb-tube  (fig.  1)  containing  sulphuric  acid. 
Heat  was  applied,  as  seemed  requisite,  by  means  of  a  lamp  placed 
beneath  the  tube.  When  the  action  appeared  to  be  complete,  the 
boat  and  its  contents  were  withdrawn,  replaced  in  the  test-tube, 
and  again  weighed.  The  operation  was  repeated  a  second  time, 
or  several  times  if  necessary,  until  two  suocessiTe  weighings  gave 
nearly  the  same  result. 

The  first  of  these  experiments  consisted  in  heating  the  peroxides 
in  an  atmosphere  of  nitrogen,  in  order  simply  to  ascertain  their 
beihavionr  at  a  high  temperature.  0*2288  grm.  of  binoxide  of 
sodium  were  exposed  in  a  silver  boat  to  the  strongest  heat  of  a 
large  Argand  gas-burner.  The  powder  passed  ficom  white  to  a 
ftdl  ydlow,  and  caked  together,  but  neither  fused  nor  deoompoeed. 
•  The  flame  from  a  wire-gauxe  gas-burner,  playing  round  the  glass 
tube  which  contained  the  boat,  produced  partial  fusion ;  at  the 
same  time,  the  silver  was  strongly  acted  upon,  but  no  oxygen  was 
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€folv6^  9h6  toniperatan  vtt  ^b6n  allowed  to  fidL  TI16  eoioiiF 
of  the  fosed  mass  was  black  wliile  liot,  Inown  on  eoolmg.  It 
weiglied  *2844  grm.   On  treating  it  with  watefj  a  qiiaiitity-  of 

oxide  of  silver  separated,  which  was  at  the  same  moment  rednced, 
with  effervescence,  by  the  excess  of  unaltered  binoxidc  of  sodium. 
Hence  the  only  reaction  whicli  can  be  thus  observed  is  that  of 
the  binoxide  upon  the  silver :  Na^Oj  4-  A^2  —  Na^O  +  Ag'^O. 

The  tetroxide  of  potassium,  similarly  heated,  became  first  of  a 
deep  orange  colour,  and  then  melted  to  a  black  fluid,  which,  when 
the  temperature  was  allowed  to  fall,  crj^stallizcd  with  shinin*r  tabular 
surfaces;  the  whole,  on  further  cooliiig^,  j^raduallv  became  yellow 
again.  lis  weight  after  it  had  been  thus  fused  was  unaltered. 
On  applying  the  full  heat  of  a  large  gas  flame  the  Uack  fluid  was 
gradaally  decomposed  with  evolution  of  oxygen;  the  residue 
became  grey  and  infosible.  The  lose  of  weight  eoxveaponded  to  s 
loss  of  two  atoms  of  oxygen. 

*604  grm.  of  tetrradde  of  potassium  kft  a  xesidue  weig)iing 
'8988  grm.^  or  78'4  per  eent.  If  9  atoms  of  oxygen  are  erolTed, 
the  pfoportion  of  the  residae  should  be  77*47  per  cent. 

The  weight  of  silver  acted  upon  was  *597  grm.^  or  rather  more 
than  1-^  atom  for  1  atom  of  peroxide.  The  action^  whoae  eom- 
pletion  the  infnsibOity  of  the  residue  may  have  hindered,  is 
doubtless  the  fbllowing: 

"^2^4  +  Agg  =  KjjO  +  AgjO  +  O2. 

From  the  fact  that  2  atoms  of  oxygen  were  evolved  while  leaa  thaai 
2  atoms  of  silver  were  acted  upon,  it  would  seem  to  jfoUow  that 
the  former  action  occurs  independent!  j  of  the  latter. 

Several  attempts  have  been  made,  by  bringing  togethec  anlphur 
and  the  tetroxide  of  potassium,  to  obtain  the  reaction. 

When  these  two  bodies  arc  heated  together,  a  violent  deflagration 
takes  plaoei  but  by  distilling  the  vapour  of  sulphur  over  the 
peroxide  in  an  atmosphere  of  nitrogen,  the  action  may  be  made  to 
proceed  gradually.  In  all  the  experimoits,  some  sulphate  wus 
formed,  and  in  one  a  large  proportion;  but>  unless  the  tempsMtnre 
and  the  supi^y  of  sulphur  vapour  are  most  carefully  regulated,  ^ 
principal  products  are  a  polysulphid^  of  liver-colour,  aaid  aul- 
phurous  acid.  Binoxide  of  sodium  also  readily  combines  witK  * 
sulphur  vapour,  forming  a  brown  AisiUe  mass  whidi  eontains  a 
polysiilphide  and  a  little  sulphate.   Sulphurous  aeid  is  disengaged. 
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When  binoxide  of  sodium  is  similarly  heated  in  the  vapour  of 
iodine^  the  two  gradually  combine.  The  product  is  a  white  fusible 
body,  apparently  quite  homogeneous. 

•203  grm.  of  binoxide  of  sodmm  yielded  'SlSl  grm.  of  this 
substance;  whence  the  amount  of  product  conresponding  to 
100  parts  of  the  binoxide  is  403  parts. 

Accordiog  to  the  eqaation* 

N«jO,  +  la  ==  Na,OIa  +  O; 

100  parte  aboidd  yield  406  parte.  This  equation  vepreaenta  in  the 
simplest  form  the  change  of  weight  that  has  taken  place,  the 
aabstitution  for  an  atom  of  oxygen  of  the  equivalent  quantity  of 
iodine ;  but  the  residue  may  also  coiisiist  o(  a  mixture  of  iodide  of 
sodium  with  iodite  of  sodium  or  iodate^  e.  ^. : 

SNa^Oa  +  31^  «  5NaI  +  NalO.  +  80- 

On  dissolving  the  product  and  adding  an  acid|  a  copious  precipi- 
tete  of  iodine  waa  formed.  This  iodine  was  determined^  and  the 
quantity  lonnd  agreed  with  the  otmdnsbn  aboTO  steted, 

m 

AcUtm  a^  Ottrhotdt  OMk  wmm  JBinojfiifir  of  SMmiL 

• 

The  dry  gaa»  in  this  and  the  snoeeeding  eiparimente^  was  alowljr 
led  tiuroogh  tiw  tube  in  whidi  the  boat  with  ite  eontente  was 
plneed,  and  the  enrrent  from  time  to  time  diaoontinQed;  any 
ahaorptiea  or  erelntioii  of  gas  eoidd  thna  be  readily  noted  by 
wateUng  the  meranante  of  the  floid  in  the  aolidinrie  aoid  bulb* 
tttbe  (Fig.  1).  At  a  temperature  of  100°— lIKf  C,  a  slight 
ahaorption  took  place.  On  raising  the  heat,  it  prooeeded  rapidly^ 
a  dark  shade  passing  over  the  surface  of  the  binoxide,  which  was 
at  the  same  time  partially  fused.  After  a  while,  it  again  proceeded 
i^wly,  and  the  contents  of  the  boat  became  once  more  white. 

The  weight  of  binoxide  of  sodium  taken  was  352  grm.: 
the  weight  of  the  product  *4753  grm.;  being  in  the  ratio  of 
100  : 135. 

According  to  the  equation/ 

Ka^  Oj  +  CO  =  Ka,  OO3, 

100  parts  of  binoxide  of  sodium  should  yield  135'9  parts  of  car- 
bonate.   The  product  was  also  identiiied  qualitatively. 

u  2 
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Action  of  Carbonic  Acid  upon  Binoside  of  Sodium, 

At  a  temperature  below  100°  C.  the  first  sign  of  action  aj^peaared. 
A  shade  of  browiij  as  in  the  pieceding  experiment,  passed  over 
the  binozide,  and  at  the  same  moment  a  slight  absorption  took 
place.  On  raising  the  temperature,  after  an  hour's  slov  passage 
of  the  gas,  a  similar  further  addon  ensued.  Finally  thQ.r€8idue 
iras  perfectly  white. 

The  weight  of  binoxide  of  sodium  taken  was  *4182  grm.  tbat  of 
the  product  -5565  grm.,  being  in  the  ratio  of  100 :  184'7. 

The  ])roduct  is,  therefore,  as  before,  carbonate  of  sodium;  and 
the  reaction  which  takes  place  is  the  following : 

Na^  Oj,  +  CO,  =  NSj  CO3  +  O. 

Action  of  Carbonic  Oxide  upon  Teirojiide  of  Potassium, 

The  action  was  set  up  at  a  temperature  of  rather  more  tliau 
100°  C. ;  a  single  seiutillation  and  a  drepeiiin^^  of  the  colour  of  the 
peroxide  marked  its  commencement.  A  weighed  Licbig*s  potash- 
bulb  apparatus  and  potash-tube  had  been  attached  to  the  apparatus, 
in  order  to  determine  the  carbonic  acid  which  it  seemed  probable 
might  be  formed.  The  even  passage  of  the  gas  through  the  bulbs, 
wliile  its  action  upon  the  peroxide  was  proceeding  rapidly,  showed 
that  its  volume  suffered  neither  diminution  nor  increase.  The 
rcsildue  in  the  boat,  when  the  action  was  completed,  was  white. 
'2314  grm.  of  tetroxide  of  potaashim  yielded  '2245  grm.  of  this 
product,  numben  in  the  ratio  of  100  :  97.  100  parts  of  the 
tetroxide  should  yield,  theoretieslly,  97*2  parts  of  carbonate  of 
potassium.   The  product  was  also  identified  qualitatively. 

The  potash-bulbe  and  tube  gained  only  *005  grm.  In  anotiier 
experiment,  where  the  gas  iasuing  from  Die  apparatus  was  passed 
through  lime-water,  no  turbidity  whatever  was  produced. 

The  reaction  is,  tlierefore,  that  expressed  by  the  foUowiug^ 
equation : 

+  CO  =  KjjCOj  +  Oa. 

The  perfect  constancv  in  the  volume  of  the  gas  throughout  the 
experiment  goes  to  prove,  not  only  that  the  volume  of  oxygeu 
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evolved  is  equal  to  that  of  the  carbonic  oxide  absorbed^  but  that 
the  two  actions  proceed  proportionally.  The  carbonic  oxide  ia 
eubstituted  for  an  equivalent  quantity  of  oxygen, 

Kfi^O^  +  CO  =  Kfi^CO  +  Oy 


Action  of  Corbome  Acid  upon  TeirosHde  of  Potassium, 

In  the  cold  apparently  no  action  took  place^  bni  it  iraa  set  np 
below  100°  C.  The  contents  of  the  boat  changed  colour  gi*adually 
from  yellow  to  white.  A  quuiitity  of  oxygen  was  evolved. 
••11-98  gnu.  of  the  tetroxide  yielded  a  produet  which  weighed 
•4379  grm.  These  numbers  are  in  the  ratio  of  100  :  97*35.  The 
product  consisted  of  carbonate  of  potassium.  The  reaction  is 
represented  by  the  equation^ 


Action  of  Protoiride  tf  Nitrogen  upon  Binomde  of  8od6mn, 

The  gaa  emplogred  was  prepared  in  the  usual  manner  from 
nitrate  of  ammonium,  washed  with  solutions  of  sulphate  of  inm 
and  of  caustic  potash,  and  carefully  dried.  It  bad  no  action  upon 
the  binoxide  until  a  temperature  had  been  reached  at  which  the 
latter  showed  signs  of  fusion,  and  of  attacking  the  silver  boat. 
At  this  point,  a  few  partides  became  suddenly  of  a  deep  red,  and 
this  change  passed  by  degrees  upon  the  whole  mass,  which,  though 
the  heat  was  lowered,  fused  gradually  with  effervescence.  A  slight 
absorption  took  place,  and  the  issuing  gas  lost  for  a  while  its 
power  of  brightening  a  glowinr::  splinter  of  wood.  The  product 
was  examined  qualitatively.  1l  had  an  alkaline  reaction  and  gave 
off  nitrous  fumes  in  great  abundance  upon  the  addition  of  sulphuric 
acid. 

A  little  of  the  substance  had  been  thrown,  by  the  eflcrvescencc 
which  followed  its  fusion,  out  of  the  silver  boat  upon  the  sides  of 
the  glass  tube  \n  which  it  was  j)laccd.    Tlicse  Hpirtings  were 
washed  out,  after  the  close  of  the  experiment,  and  converted  into 
.  chloride.  The  chloride  thus  formed  weighed  *0791  grm.  The 
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weight  of  binoxidc  of  sodium  originally  taken  was  '9068  grm. ; 
which,  after  subtracting  the  weight  of  the  amount  lost,  as  deduced 
from  the  above  determination,  becomes  '8542  grm.  The  product, 
which  was  shown  by  the  qualitative  examination  to  consiBt  prin- 
cipally of  nitrite  of  sodium,  weighed  1*4049  grm.  These  mmibetB 
are  in  the  ratio  of  100 : 164. 
AocordiDg  to  the  reactum, 

NaaO,  +  2NaO  =  2N0aNa  + 

100  parte  of  Mnonda  of  aodiam  ihcmld  yield  17M  parta  of 
nitrite. 

The  alkaline  reaction  of  the  solution  revealed  one  cause  of  the 
above  deficiency,  viz.,  the  presence  in  the  product  of  binoxide  of 
sodium  which  had  not  been  acted  upon.  The  reaction  might  be 
due  also  to  the  presence  of  caustic  alkali ;  but  its  formation  under 
the  above  circumstances  is  exceedingly  improbable,  except  through 
the  action  of  the  silver,  and  this  action  is  iiisio^nificant  in  amount. 

The  phenomena  of  a  second  experiment  exactly  resembled  those 
of  the  first;  the  absorption  and  the  formation,  of  nitrogen  were 
well  marked.  There  was  again  some  loaa  by  spirting,  some  acticm 
on  the  silver  boat,  and  some  alkali,  preaumaUj  hlnopd^  Toooatn. 
ing  in  the  product.  The  error  from  these  sources  seemed  more 
capable  of  being  determined  and  tima  ^mina4ed«  than  of  beini^ 
avoided  in  any  repetition  of  the  eoq^erimemt. 

Aooordingljy  the  apirtinga  wwe  oonverfced  into  mlpliati  and 
weighed;  the  amomt  of  nndianged  Mnoadde  waa  detanmnad 
by  a  standard  add  aolntion;  the  ailw  boat  waa  daaned  ttam 
oxide  and  its  loss  of  weight  aacertained)  «nd»  finallf,  tiia  total 
amount  of  nitrite  waa  determined  by  means  of  pmanganate 
potasainm. 

a.  The  sulphate  formed  from  the  spirtings  weighed  '083  grm. 

^»  The  solution  of  the  total  prodnot  required  for  its  nentraliiatioa 
10^  c  0.  of  an  add  solotioni  of  whidi  1  e.  o,  conespondttd 

to  '008376  grm.  of  sodinm. 

c.  The  same  solution,  largely  diluted,  and  acidified,  decoloriaed 
805*6  c.  c.  of  a  solution  of  permanganate  of  potasdnm^  of 
whioh  1  0.  o.  corresponded  to  '0006116  grm.  of  oxygen. 

4*  The  dim  boat  had  lost  hy  oitdation  *022  crm. 
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Hence  wc  have, — 

A\'ciglit  of  binoxidc  origiaally  taken   •       .       •     '6017  gim. 
Pedttct — a.  For  loss  hj  spirting   .      '0156  grm, 
b.  For  unclumged  biaoMde  *0595  grm* 

Total      .      «  -lOSlgna; 

•   

Wciglit  of  binoxidc  whicli  has  taken  part  in  tkereaction  '4990  grm. 

Weight  of  the  total  product  '9401  grm. 

Deduct — b.  For  unchanged  binoxide  '0595  gnzu 
d.  For  oxidation  of  the  siher 

boat      .      «      .  •OOlGgna. 

Total      •      .    *0611  grm. 

Adaalproduot  of  the  reaction     •      •  *888grm. 
•4996  :  -888  : :  100  :  177-7 

A  ratio  closely  coinciding  with  that  calculated  firom  the  equation 
already  given. 

If  we  aappoae  the  email  qoanilty  of  bincaddeof  eodimn  xednoed 
to  protoxide  by  the  dl?er  of  the  boat  to  have  remained  in  that 
condition  and  not  to  have  been  reozidised  by  the  protoxide  of 
nitrogen,  the  ratio  beoomes  100  : 178. 

The  amount  of  nitrite  calculated  from  determination  c,  after 
making  a  correction  for  the  admixture  of  bmoxide,*  is  '859  grm. 
The  deficiency  was  due  to  insufficient  dilution  causing  the  escape 
of  a  little  nitrous  gas. 

Nitrous  oxide  does  not  act  upon  tctroxide  of  potassium  at  any 
temperature  to  which  the  latter  can  be  heated  without  decom« 
position  in  a  silyer  yessel. 


Action  qf  Nitric  Oaide  upon  Binoaide  qf  Sodium* 

The  gas  was  prepared  by  the  action  of  nitric  acid  iipou  copper, 
washed  in  a  large  volume  of  water,  and  dried  by  passage  through 
sulphuric  acid.   The  apparatus  was  filled  with  nitrogen  before  the 

*  2I^itrou8  acid  is  immediately  oxidized  by  an  acid  solniioa  of  binoxide  of  sodims. 
BasldM  Mm loanMi  of  eiroriiMntloiiad abov«^  IIm  detemintlton  of  allniai add vltli. 
pemumguato  of  potMimn  It  liable  to  tlui  olueottan  tbat  the  raa/otioa  towaidailM 
dooa  of  11m  aspacimeat  prooaoda  Toiy  aUnrlj. 
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introduction,  and  again  before  the  withdrawal,  of  the  boat  con- 
taining the  binoxide,  to  prevent  the  formation  of  hyponitric  acid. 
The  first  sijrns  of  action  appeared  at  .a  tempcratiire  of  about 
150  C,  Portions  of  the  substance  became  of  a  deeper  colour  and 
began  to  fuse.  The  whole  was  by  degrees  converted  into  a  clear 
colourless  liquid,  an  absoqjtioii  of  the  gas  taking  place  throughout. 
'6456  grm.  of  binoxide  of  sodium  were  taken :  the  product  weighed 
1*  1396  grm.  These  numbera  are  in  the  ratio  of  100 : 176*5« 
According  to  the  equation 

Kaa  O2  +  Na  O3  =  2N0g  Na. 

100  parts  of  binozide  of  sodium  should  yield  176*9  parts  of  nitrite 
of  sodium. 

Action  of  Nitric  Oxide  upon  Tetroxide  of  Fotassium, 

m 

From  the  analogy  of  the  preceding  reaction,  it  seemed  ]nrobab1e 
that  in  this  case  a  combination  equally  simple  would  lead  to  the 
formation  of  nitrate  of  potassium  : 

Kfi^  +  Np,  «  2NO3  K. 

This,  hoveTer»  is  certainly  not  the  principal  reaction^  and  pro- 
bably does  not  take  place  at  all.  In  three  experiments,  the  pro. 
duct  consisted  of  a  mixture  of  nitrate  and  nitrite  of  potassium. 
In  the  first,  the  two  were  formed  in  atomic  proportions :  the  relation 
was  probably  accidental,  since,  in  the  succeeding  experiments,  the 
proportion  of  nitrite  was  larger.  The  action  was  set  up  either  in 
the  cold  or  upon  the  application  of  a  gentle  heat.  The  yellow 
colour  of  the  peroxide  changed  to  white  in  parts  gradually,  ia 
parts  after  lirst  assuming  a  deeper  tint  and  undergoing  semi- 
fusion.  Copious  red  fumes  were  formed,  which  passed  on  into 
the  bulb-tube  (nitric  oxide  being  all  the  while  slowly  transmitted, ) 
^nd  formed  crystals  with  the  sulphuric  add  which  it  contained. 
At  the  same  time^  an  absorption  of  gas  was  apparent.  .  When  113 
further  change  could  be  observed^  the  nitric  oxide  was  e^elled 
from  the  apparatns,  as  before,  by  a  current  of  nitrogen,  and  the 
boat  and  its  contents  removed  and  weighed.  A  seoond  exposnxe 
to  tihe  action  of  the  gas  at  a  higher  temperatore  produced  no 
change  in  the  weight. 

1. — '3735  grm.  of  tetroxide  of  potassium  yielded  a  product 
weighing  grm. 
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2«<— *2688  gnn.  of  tetroxide  yielded  a  product  weighing  *8394  grm. 
8.^8752  gnu.  of  tetroxide  yielded  a  product  weighing  *4787  gnn. 
These  nvmhen,  xefen^  to  100  parts  of  the  tetroxide,  become^ 


If  the  pfodnot  consist  of  nitatei,  100  parts  of  telronde  of  potas- 
sium shoold  yield  119*7  parts ;  if  of  nitrate,  142*8  parts. 

The  product  of  Exp.  1  was  dissolved  in  water,  and  the  solution 
W88  divided  into  three  equal  parts. 

a.  Part  1  was  determined  witli  a  standard  solution  of  perman« 

gauatc,  to  ascertain  the  amount  of  nitrite  in  the  product. 
It  required  24' 77  c.  c.  1  c.  c.  of  the  solution  corresponded 
to  • 000561  grm.  of  oxygen. 

b.  Part  2  was  mixed  with  sulphuric  acid,  evaporated,  ignited, 

and  weighed.  The  weight  of  the  sulphate  of  potasaiain 
thus  obtained  was  '1533  grm. 

c.  Part  8  was  introduced  into  a  flask  containing  solution  of 

canstio  potash  and  fragments  of  sine  and  iron.  The 
ammonia  evohred  on  boiling  was  collected  and  determined 
by  means  of  a  standard  add  sdation.*  It  required  11-5  cc. 
of  a  solution^  of  which  1  c.  c.  corresponded  to  *O0SO4  grm. 
of  nitrogen. 

From  a,    the   total   product  must  contain  •2215  grm.  of 

nitrite  of  potassium,  and  therefore,  supposing  it  to  consist 
entirely  of  a  mixture  of  the  two,  '2665  grm.  of  nitrate.  The 
supposition  may  be  tested  by  comparing  the  proportion  of 
potassium  and  nitrogen  which  such  a  mixture  should  contain, 
with  the  results  of  the  determinations  b  and  c.  '2215  gnn. 
of  nitrite  of  potassium  contain  by  calculation  'lOlG  grm.  of 
potassium  and  "0365  grm.  of  nitrogen ;  '2665  grm.  of  nitrate 
of  potassium  contain  *1029  grm.  of  potassiunx  and  '036^ 
grm.  of  nitrogen. 


Total  potassium  in  mixture     '2045      '2062  — 
Total  nitrogen  -0734       ^  *070;. 

The  products  of  Exps.  2  and  3  were  similarly  determined  with 
the  same  result. 

*  The  details  of  thin  mcUiori,  which  ia  both  es^odiUoQS  wd  ezaot{»  I  bope  to  mako 
the  rabjod  of  a  fotvxo  coBimuirioition. 


1. 

130-6 
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Therefore,  by  tlic  reaction  of  nitric  oxide  upon  tetroxide  of 
potassium,  are  formed  hypouitric  acid,  and  nitrate  and  nitrite  of 
potassium  in  variable  proportions.  The  only  two  palpable  sources 
of  variation  arc  diflerences  of  temperature,  depending  upon  the 
greater  or  less  ^aolciicc  of  the  action,  and  differences  in  the  time 
during  which  the  hyponitrio  acid  formed  is  in  contact  with  the 
solid  product^  depending  mainly  upon  the  rate  of  transmission  of 
the  nitric  oside.  The  latter,  X  bolieYe*  to  be  the  true  came  of  the 
mulUMi  in  the  pvodnot.  If  so,  it  is  probable  tb«t  thrat  wpmte 
XMfitions  play  a  part  in  produciiig  the  final  vaMlt* 

(1.)  K^O^  4-      O2  =  K,0,  +  N^O^j 
(2.)  Kfi^  +  N.A  =  2KNOaj 
(8.)  K,0,  +  NjiO^  =  aKNOy 

Long  digestion,  with  a  small  quantity  of  nitric  oxide,  ought  in 
this  ease  to  produce  little  but  niti'ate,  and  the  action  of  a  rapid 
current  of  tlie  gas  little  but  nitrite.  Future  experiments,  especi- 
ally upon  the  action  of  hyponitric  acid  on  these  peroxides,  m&y 
decide  this  point. 


XXII.— Smm  SuuiU     tke  JMUjfm  qf  CcmurcM  (kppwrn, 

Bt  F.  a.  Abbx«  F.&.S.^ 

AND 

FaBBBBICK  FZBLB^  F.£.SJi. 

Thb  influence  nndonbtedly  exected  by  such  uetah  as  antimony, 
anmic,  and  bismnth,  in  modifying  the  phynoal  properties  of* 
'copper^  renders  theb  detection^  with  certainty,  when  present  in 
minnte  qnantitiea,  and  their  correct  estimation,  of  oomdderable 
importance.  Although  many  processes  have  been  suggested  for 
the  determination  of  these  metals,  and  especially  of  the  two  first 
named,  elicmists  of  considerable  experience  and  ability  are  fre- 
quently found  to  differ  widely  in  the  results  of  their  analyses  of 
commercial  copper  from  the  same  source^  one  chemist  insisting-, 
perhaps,  on  the  presence  of  arsenic  in  very  appreciable  ^uautitieSy 
while  another  denies  its  existence  in  the  aame  sample* 
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Tho  causes  of  these  discrepancies  are  well  illustrated  by  the 
drcamtanoe  that  one  of  the  methodi  Ibr  the  aepanUioa  of  metuQ 
firom  copper,  most  genarally  ncomneuded  in  all  worke  upon 
analytical  chemistry,  even  in  the  very  latest  editions,— namfllyy 
the  digeetioii  of  their  ealphidea  in  the  lulphidfla  of  uamomnmg 
sodium,  or  potassitiiiij  has  been  shown,  by  the  experiments  of 
Mr.  Bloxam,  to  be  altogether  fiJlacioaa,  when  the  arsenic  does 
not  exist  in  greater  proportion  than  one  per  cent. ;  and  that  even 
one  part  of  that  metal,  in  conjunction  with  ninety  of  copper, 
cannot  be  detected  by  that  method. 

When  it  is  remembered  that,  in  the  superior  dasses  of  refined 
copper,  arsenic  is  seldom  found  in  lar^r  quantities  than  0*10 
per  cent.,  and  frequently  only  in  proportions  of  from  0  02  to  0  05 
per  cent.,  it  is  very  evident  tiiut,  by  pursuing  the  course  above 
alluded  to,  no  arsenic  would  be  dissolved  by  the  alkaline  sulphides, 
and,  consequently,  the  absence  of  that  metal  woiUd  be  presumed. 

The  separation  of  aniimony  from  copper,  by  means  of  sulphide 
of  ammoniura,  docs  not  appear,  from  Air.  Bloxam's  experiments, 
to  be  attended  by  the  same  difficulties  as  in  the  case  of  arsenic. 
Mr.  Bloxam's  rescarrhes  upon  this  portion  of  the  subject  merely 
show  that  when  1  per  cent,  of  antimony  is  present  in  copper 
the  metal  may  be  detected  in  the  sulphide  of  ammonium-solution; 
but,  with  regard  to  smaller  quantities  than  this,  we  have  no 
niformation.'l'  From  many  experiments  which  we  have  instituted, 
it  would  seem  that  the  detection  of  less  than  iliiee4iundredtiis  of 
a  grain  in  one  hundred  grains  of  copper  cannot  be  lelied  upon 
with  any  degree  of  certainty* 

It  also  appears,  from  the  expeiimcBts  of  the  same  chemist,  thai 
30  or  80  per  cent  of  Urn,  when  alloyed  with  copper,  may  be  over* 
looked  when  the  separation  is  based  upon  the  solubiUty  of  sulphide 
of  tin  in  sulphide  of  ammonium. f 

In  the  ease  of  anenie,  when  in  oombination  with  copper,  far 
smaller  quantities  may,  howefer,  be  detected  than  those  stated  by  - 
If  r.  Bloxam,  if  hydrosnlphuric  acid  is  passed  through  the  solu- 
tion, to  which  ammonia  has  previously  been  aclded,  in  excess.  By 

*  QsavieHy  Josaal  of  ths  Oli«aiieal  Sctoieiy,  YoL  t.  p.  104. 

f  la  a  note  (p.  870)  appended  to  Um  last  edifcioa  of  Frescnius's  QatatiUUve 

Analysis,  the  author  eaya  that  ^r.  Lucius,  one  of  the  HtudcTits  in  his lal)orator3',  haa 
Buccccded  in  cfTecting  the  complete  separation  of  copper  from  tin,  by  means  of 
yellowish  sulpkide  of  sodium,  but  it  is  indispensabia  io  digest  ihem  tbree  or  (bur 
times  with  safficiently  lai;B;e  qosatitioB  of  the  solvent. 
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adopting  this  method  of  operatiiip^,  tlie  arsenic  is  never  precipitated, 
and  consequently  the  separation  is  nearly,  if  not  quite,  corn  pi  ote. 
It  is  only  necessary  to  saturate  thorouErlily  with  liydrosulplniric 
acid,  in  order  to  prevent  traces  of  copper  from  entering  into  the 
smmomacal  liquid.   For  example 

In  a  mixture  of  10*00  grains  of  copper 
and  0*10  grain  of  arsenic, 

the  latter  was  immediately  detected,  on  the  additiou  of  hydro« 
chloric  acid  to  the  filtered  liquid. 

In  10*00  grains  of  copper 
mixed  with  0*01  grain  of  araenic, 

the  latter  was  discemible  when  the  filtrate,  mixed  with  exoees  of 
add,  had  been  kept  in  a  warm  place  for  half  an  hour. 

j^jnenic  may,  moreover,  be  detected  in  copper,  in  qiiantitiea 
not  less  than  0*20  to  100*00  of  the  latter,  when  the  mixed  sul- 
phides sve  digested  in  strong  sulphide  of  ammonium  Ibr  many 
hours. 

Although  the  rules  laid  down  in  analytical  works,  for  the 
detection  and  separation  of  nearly  every  metal  with  which  we  are 
acquainted,  appear,  generally  s^jeaking,  to  be  sufficiently  plain  and 
conclusive,  every  chemist  must  have  experienced  the  difficulty  of 
separating,  or  even  distinguishing,  very  small  quantities  of  metals, 
when  associated  with  another  in  very  much  larger  proportion. 
To  take  for  example,  the  examination  for  tin,  antimony,  arsenic, 
and  bismuth,  of  a  specimen  of  rctincd  copper  wliich  is  supposed  to 
be  nearly  pure,  having  passed  through  the  various  stages  of  its 
metallurgy,  imtil  the  completion  of  the  final  operation.  The 
copper  would  be  dissolved  in  nitric  acid,  and  water  added ;  Avlicn, 
in  the  majority  of  cases,  a  turbidity  in  the  liquid  would  be  thereby 
produced.  This  might  consist  of  antimonious  or  antimonic  acnd  ; 
arsenic,  as  arseniate  of  antimony;  bismuth,  thrown  down  from 
its  solution  as  basic  nitrate  j  lead,  as  sulphate  (for  if  a  trace  of 
sttlpbnr  is  present,  sulphuric  add  will  be  formed,  and  sulphate  of 
lead  consequently  produced) ;  and  the  whole  of  these  compoimds 
may  weigh  coUeotiTely  only  two-  or  three-tenths  of  a  grain.  Should 
either  the  nitric  acid  or  water  employed  contain  a  trace  of  chlorine, 
silTer,  which  is  almost  invariably  found  in  copper,  would  also  be 
separated,  and  add  to  the  complexity  of  the  precipitate. 

Having  ourselves  individually  experienced  numerous  difficulties 
such  as  those  glanced  at  above,  in  the  constantly  recurring  exa- 
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minatiou  of  specimens  of  commercial  copper,  wc  liave  devoted 
considerable  attention  to  the  improvement  of  the  existing  methods 
for  the  detection  and  coiTcct  estimation  of  its  metallic  ini})urities, 
and  especially  of  antimony,  arsenic,  and  bismuth  ;  and  in  our 
researches  ou  this  sul^ect  we  have,  with  the  valuable  co-operation 
of  Mr.  E.  O.  Brown,  arrived  at  results  which  we  believe  arc 
sufBciently  unportent  to  ajutlytical  cbemktSy  to  warrant  their 
publication. 

The  following  is  a  method  which,  after  various  modificattons,  we 
have  now  employed  lor  some  time,  with  considerable  sacoessj  both 
for  the  quantitative  and  qualitative  examination  of  copper,  when 
antimony,  arsenic,  bismuth,  and  lead,  have  to  be  detected  and 
estimated. 

About  200  grains  of  the  metal  are  dissolved  in  nitric  acid,  a 
small  quantity  of  solution  of  nitrate  of  lead  is  added,  equal  ta 
about  10  grains  of  the  salt,  and  subsequently  an  excess  of  ammonia 
and  carbonate  of  ammonia.  A  precipitate  is  formed,  which  may 
consist  of  oxide  and  carbonate  of  lead,  arsoiiiate  and  antimoniatc 
of  lead,  and  oxide  of  bismuth,  the  whole  of  the  copper  remaining 
in  solution.  Tlic  precipitate  is  separated  by  filtration,  thoroughly 
washed  and  digested  in  a  strong  solution  of  oxalic  acid,  whereby 
the  antimonv  and  arsenic  are  dissolved. 

To  the  filtered  liquid,  sulphide  of  ammonium  is  adde.l,  or, 
what  is  preferable,  it  is  rendered  alkaline  by  ammonia,  and 
hydrosulplmric  acid  is  passed  through  to  saturation.  Traces  of 
sulphide  of  copper  generally  impart  a  brownish  tinge  to  the  liquid, 
and  are  deposited  after  some  time,  as  it  is  nearly  impossible  to 
wash  i^way  the  last  traces  of  that  metal  from  the  nitrate  of  lead- 
precipitate.  This  sulphide  is  filtered  off,  and  a  slight  excess  of 
hydrochloric  acid  is  then  added  to  the  filtrate,  which  is  diluted  to 
about  8  ounces.  If  any  large  amount  of  either  antimony  or 
arsenic  be  praseut,  there -will  be  an  immediate  preciptate.  If 
smaller  quantities  exist  (one-  or  two-hundredths  of  a  grain)  the 
flask  should  be  jABoed  on  the  sand-bath  for  a  few  hours;,  and  the 
temperature  maintained  at  firom  140^  to  200^  Fahr.,  when  the 
metals,  if  present,  will  make  their  appearance  as  sulphides.  If  thd 
precipitate  he  orange  or  orange-red,  the  presence  of  antimony  is 
certain,  but  if  of  a  pure  canaiy-yellow,  its  absence  may  be 
presumed. 

The  precipitated  sulphides  are  oxidized  by  means  of  concentrated 
nitro-bydrocUloric  acid,  the  clear  solution  is  mixed  with  chloride 


Digitized  by  Google 


ABfil*  AMD  VIBLD  OM  SBB  iJULTBIB 


of  ammonium  and  excess  of  ammonia,  and  the  arsenic  is  separated 
astheammonio-magnesiaaarseniatc  (2MgO,NH40, AsOg.HO).  The 
filtrate  from  this  ii  slightly  acidified  with  dilute  hydrochloric  acid, 
and  the  antimony  is  precipitated  by  hydrosulphmic  acid,  and 
ultimately  determined  as  antiinoniate  of  teroxida  of  antimonj' 
(Sb04).  Should  the  presence  of  aatimoiqr  vid  arsenic  have  been 
pmiottsly  asoertaiiied^  it  is,  oi  course,  unnecessary,  in  the  qnanti- 
tatiye  process,  to  precipitate  them  both  as  sulphides  from  their 
solution  in  oxaUe  aeid»  as  the  acsenie  may  be  at  onoe  precipitated 
by  the  addition  of  snlphate  of  ma^esia  and  emaa  of  ammoni% 
and  the  antimony  determined  in  the  filtrate. 

In  the  determination  of  the  bmnmtk  send  had  oontained  in 
copper,  unilbrmly  snooessful  results  have  been  obtained  1^  em* 
ploying  the  fbUowing  method,  which,  as  ftr  as  regards  the 
separation  of  these  metals  from  the  copper  and  from  any  tin, 
antimony,  or  arscuic  that  it  may  contain,  is  founded  upon  the 
plan  for  detecting  the  arsenic  and  antimony  just  now  described. 

The  nitric  acid-solution  of  about  200  grains  of  the  copper,  is 
mixed  with  a  small  quantity  of  solution  of  phosphate  of  soda  ; 
ammonia  in  excess  is  then  added ;  and  the  resulting  precipitate  is 
collected  and  purified  from  copper  by  washing  with  ammoiiiacal 
water.  This  precipitate  is  afterwards  dissolved  in  hydrochloric 
acid,  its  solution  is  rendered  alkaline  with  ammonia^  and  sub- 
mitted to  a  current  of  hydrosulphuric  acid.  The  precipitated 
sulphides  of  lead  and  bismuth  are  thoroughly  washed,  and  dis- 
solved in  dilute  nitric  acid ;  the  solution  is  nearly  neutralised  with 
ammonia,  and  then  digested  with  a  little  hydrated  oxide,  or  beaio 
nitarate,  copper^  which  predptates  the  oxide  of  bismnth,  wlule 
lead  renudna  in  solution.  The  precipitate  is  thoroughly  washed^ 
dissolved  in  dilute  nitric  add,  and  the  bismuth  separated  firam  the 
eopper  by  the  additioa  of  exoess  of  ammonia;  the  oxide  of  bia* 
muth  thus  obtained  is  purified  by  washing,  and  its  weight  deter* 
Buned  in  the  usual  manner.  The  solution  containing  the  nitmbea 
of  lead  and  copper  is  mixed  with  solution  of  carbonate  of  soda; 
exn  ss  of  acetic  acid,  and  a  small  quantity  of  bichromate  of 
potaasa  arc  added,  and  the  chromate  of  lead  is  collected. 

It  should  be  observed  that,  in  the  event  of  the  copper  containing 
iron,  that  metal  would  be  obtained  as  oxide  together  with  the 
bismuth.  When  this  is  the  case,  whicii  may  readily  be  known  by  the 
brownish  tinge  imparted  to  the  oxide  of  bismuth,  tliey  have  to  be 

separated.   The  mode  o£  c>peratio&  does  mi  need  description  heacie^ 
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The  analytical  methods  just  described  are  available  not  only 
for  the  detiennination  of  appreciable  qaantities  of  the  metals 
antimony^  arsenio,  bismuth,  and  lead,  but  also  for  the  detection 
of  veiy  minute  proportions  of  those  metals,  and  especially  of  the 
first  two,  when  existing  in  copper. 

In  order  to  tost  the  delieacy  of  the  method  described  for  the 
detection  of  minute  traces  of  either  arsenic  or  antimony,  the 
following  experiments  were  instituted : — 

100  grains  of  dectrotype-copper  were  dissolved  in  nitric 
acid,  nitrate  of  lead  was  added,  and  afterwards  a  mixture  of 
ammonia  and  carbonate  of  ammonia;  the  precipitate  was  boiled 
with  solu^tt  of  oxalic  acid  for  half  an  hour,  the  dissolved  portion 
filtered,  and  sulphide  of  ammonium  added  in  excess.  The  few 
black  fluke  s  of  sulphide  of  copper  were  separated  by  filtration,  and 
hydrochloric  acid  was  added  to  the  filtrate.  An  opalescence  was 
produced,  which  did  not  increase  upon  the  application  of 
gentle  and  long-continued  heat,  and  did  not  assume  any  tinge 
of  yellow :  arsenic  and  antimony  were  therefore  presumed  to  be 
absent. 

Another  100  ^ains  of  the  same  copper  Trerc  dissolved  in  a 
similar  manner,  and  0*1  grain  of  arsenic  acid  was  added  to  the 
f^olution.  The  precipitate  with  nitrate  of  lead  and  carbonate 
of  ammonia,  treated  as  described  above,  gave  an  instantaneous 
indication  of  arsenic,  which  increased  very  much  upon  applying 
heat,  the  sulphide  falling  down  in  dear  yellow  flocks.  Another 
similar  quantify  of  the  copper  was  tested  with  the  addition  of 
005  grain  of  arsenic  acid.  The  result  was  not  so  instantaneous, 
but,  eventually,  equally  eondusive.  0*02  grain  was  then  Med, 
with  a  similar  confirmation;  and  even  O'Ol  grain  of  metallic 
arsenic,  when  dissolved  in  nitric  add,  and  added  to  the  solution 
of  the  100  grains  of  metallic  copper,  became,  after  some  time, 
abundantly  evident. 

From  these  experiments,  it  appears  that  there  is  no  difficulty 
whatever  in  detecting  minute  traces  of  arsenic  in  the  presence  of 
copper,  the  latter  existing,  in  proportion  to  the  former,  as  ten 
thousand  to  one. 

A  similar  series  of  experiments  was  made  upon  the  detection 
of  antimony  by  this  method.  O'lO,  0  05,  0-02,  and  0*01  grain 
were  each  added  to  four  solutions  of  100  jj^rains  of  cupper  in 
nitric  acid,  and  the  results  were  quite  as  satisfactozy  as  in  the 
case  of  arae&ic. 
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The  presence  of  arsenic,  even  in  a  very  smaU  quantity  of 
oommercial  hydrocbloric  aoid,  can  be  easiiy  detected  by  this 
method.   If  a  few  drops  of  the  acid  be  added  to  an  ounce  of 

water^  nitrate  of  lead  and  excess  of  ammonia  introduced,  and  tbe 
pi'ccipitate  digested  in  sulphide  of  ammonium,  the  filtrate^  on 
addition  of  hydrochloric  acid  and  application  of  heatj  shows 
abundant  indications  of  arsenic. 

Minute  traces  of  this  metal  may  also  be  satisfactorily  recognized 
by  the  magnesia-test,  as  is  shown  by  the  following  expcriiiieuts  ; 
100  grains  of  electrotype-copper  and  O'lO  grain  of  arsenic  acid 
were  dissolved  in  nitric  acid.  Ammonia  was  added  in  excess, 
and  subsequently  a  small  quantity  of  solution  of  sulphate  of  mag- 
nesia. In  a  few  hours,  a  distinct  czystalline  precipitate  waa 
observed  upon  the  sides  of  the  glass,  which  proved  to  be  the 
arseniate  of  magnesia  and  ammonia.  0*02  grain  of  arsenic  waa 
added  to  100  00  grains  of  copper,  and  treated  in  the  same  way. 
The  liquid  was  allowed  to  remain  for  a  few  days,  and  the  slight 
sediment,  containing  a  basic  salt  of  copper,  was  digested  in  snlpliide 
of  ammcninm.  Hydrochloric  acid,  added  to  the  filtrate,  caused 
a  precipitate,  which,  on  heating,  assumed  a  pure  yellow  tint. 

A  method,  published  by  one  of  ns,  in  the  Chemical  Gaiette  for 
1857  (vol.  XV.,  p.  1 13),  seems  aluo  to  be  advantageous  in  the  qnaati- 
tative  estimation  of  arsenic  and  copper.  Oxalic  acid,  added  to  a 
slightly  acid  solution  of  the  two  metals,  precipitates  nearly  the 
whole  of  the  copper,  leaving  the  arsenic  dissolved.  The  great 
practical  diiHciilty,  is  the  tendency  which  oxalate  of  copper  pos- 
sesses, of  pas-siu^  tlu'oiigh  filteriug  paper,  even  when  double  or 
treble  filters  are  employed.  This  difficulty,  however,  may  be 
overcome  by  adoptiiii^  the  foUowinj^  mode  of  operation.  Ammonia 
is  added  to  the  solution  of  the  metals  in  sufficient  quantity  to 
throw  down  the  oxide  of  copper,  without  redissolving  it.  Oxalate 
of  ammonia,  poured  in  excess  upon  this  precipitate,  effects  its 
solution,  forming  a  double  oxalate  of  copper  and  ammonia.  The 
introduction  of  nitric  acid  causes  a  precipitate  of  oxalate  of  copper, 
which  can  be  filtered  with  great  readiness.  Sulphide  of  ammo- 
nium, added  in  excess  to  the  filtrate,  throws  down  the  small 
quantity  of  copper  which  has  escaped  precipitation  by  oxalic  acid, 
at  the  same  time  holding  the  arsenic  in  solution,  which  may  be 
estimated  in  the  usual  manner.  The  following  eiperimenta  were 
instituted  at  the  time  of  pubHeatioa :  »- 
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A  mixtiiie  of  50  gndiu  copper  and  0*6  anenioos  acids0*878 
memc,  gare  0*866  grains  of  arsenic. 

With  a  miztnre  of  40  grs.  copper  and  0*10  grain  of  arsenic^ 
decided  indications  of  the  latter  were  obtained. 

It  appears,  from  the  above  results  on  the  comparative  merits  of 
the  three  methods  detailed  for  the  detection  of  arsenic  in  copper, 
that  the  pLan  of  precipitation  by  means  of  nitrate  of  lead  exhibits 
very  decided  superiority  over  the  other  methods,  not  only  in  point 
of  delicacy,  but  also  as  regards  facility  and  rapidity  of  execu- 
tion. Thus,  less  than  0-01  grain  of  arsenic  in  100  grains  of 
copper  is  readily  discovered  by  means  of  the  nitrate  of  lead-process 
within  two  hours,  while,  for  the  detection  of  more  than  doubh; 
that  proportion  of  arsenic  by  the  method  of  Levol  (/.  e.,  hy  its 
precipitate  as  the  ammonio-magnesian  salt),  at  least  forty-eight 
hours  must  elapse  before  any  conclusion  can  be  arrived  at. 

When  compared  with  the  very  delicate  process  of  testing  copper 
for  traces  of  arsenic  recommended  by  Dr.  Odling,  the  nitrate  of 
lead-method  also  offers  considerable  advantages,  being  quite  equal 
to  it  in  point  of  delicacy^  end  susceptible  of  far  more  rapid  appU- 
caiaon.  Br.  Odling  suggests^  that  the  finely  divided  copper  to 
be  tested  should  be  exposed  far  a  few  daya  to  the  joint  action  of 
pure  cold  hydrochloric  add  and  of  air.  The  resnltiog  liquid,  and 
any  copper  that  remains  undissolved  are  to  be  transferred  to  a 
retort  and  carefully  distilled,  the  mouth  of  the  retort  dipping 
into  water.  Special  testa  for  araenic  are  then  to  be  applied  to  the 
product  of  distillation.  The  addition  of  a  small  quantity  of 
chlorate  of  potassa  to  the  hydrochloric  acid  is  recommended,  to 
accelerate  the  solution  of  the  copper,  care  being  taken  to  keep  the 
metal  in  excess,  so  as  to  ensure  the  complete  decomposition  of 
the  chlorate  before  distillation.  Dr.  Tay  lor  directs,  that  any 
copper  remaining  undissolved,  after  two  or  tliree  days'  exposure 
to  hydrochloric  acid  and  air,  should  be  removed  before  distillation, 
its  weight  being  deducted  irom  that  of  the  copper  ongiuaiiy 
employed. 

If,  instead  of  allowing  the  copper  to  remain  in  proloni^cd 
contact  with  hydi'ochloric  acid  and  air,  at  ordinary  temperatures, 
it  is  introduced,  together  with  a  little  hydrochloric  acid,  into 
a  capacious  vessel,  and  exposed  to  a  gentle  heat,  the  results 
of  the  experiment  are  considerably  modified.  A  specimen  of 
copper,  containing  only  a  verj'  minute  tiace  of  arsenic,  a.ul  in 
which  that  impurity  had  been  distinctly  detected,  both  by  the 
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distillation-proooU}  as  just  described^  and  by  the  nitrate  of 
lead-method,  was  submitted  to  treatment  with  a  flmsU  qnaatii^ 
of  warm  hydrochkme  acid,  in  a  Woalfe*!  bot^  immeraed  in  a 
water* bath.  To  this*  bottle  were  attaciied  two  others,  the  firat 
oontMoing  water,  into  whieh  the  exit*tobe  of  the  heited 
bottle  dipped,  the  aeoond  being  partly  ^Ued  widbi  aohitaoD  of 
acetate  of  kad.  To  the  last  bottte  waa  attadied  a  ddireiy-taker 
which  paiaed  into  a  veasel  oontaining  a  neutral  aofaitioBi  of  aiM 
of  silver.  After  continuing  tbe  application  of  heat  ibr  wemd 
hours,  and  examining  the  contents  of  the  bottle  containing  wiUf, 
in  which  any  products  of  distillation  had  condensed,  not  a  tra* 
of  arsenic  could  be  detected,  but  in  the  nitrate  of  silver-solution  *« 
observed  a  ^ery  small  black  precipitate,  resulting::  from  the  escape 
of  hydride  of  ai*scnic  from  the  apparatus.  A  similar  cxporin'c^* 
was  made  with  a  specimen  of  copper  which  contained  about  Oo 
per  cent  of  arseiiio.  After  exposure  of  tliis  to  beat,  in  coirtsct 
with  tbe  acid,  for  a  short  time,  it  became  coated  with  the  grey 
fUm  produced  in  applying  Reinaoh's  test.*  At  the  conclusion 
of  the  operation,  whidi  waa  continued  £or  abotrt  four  hours,  no 
traoe  of  arsenic  was  discovered  in  the  condensed  product,  hut  an 
abundant  precipttote  waa  produced  in  the  ■ohrtian  of  aiHnr.  A 
apecimen  of  oopper,  oontaining  1*1  per  oent.  of  artenic,  ^ 
aubmitted'  to  the  aame  treatment  for  two  anooeaatve  peneda  cf 
about  two  houra  each.  After  both  operationa,  the  water  in  ^ 
oondensing  veaael  contained  only  a  very  minute  teaee  of  ma^t 
while  the  hydride  of  araenic  eivoWed  waa  very  comridflralile.t 
It  appeara  from  theae  reauUa  that  if,  in  cKpoaiug  copper 
contains  arsenic  to  the  action  of  hydrochloric  acid,  heat  be  appli6^t 

•  This  grey  flcpoaU.  whii-U  con?;rtL»,  according  to  Lippcrt  f.T.  f.  prakt.  ChcB*- 
V.  81,  p.  16b),  of  an  nrsenidc  of  copper  Laving  the  composition  Cuj Ae,  m&l^c* ^ 
appearance  only  slowly  when  a  sligluly  arsenical  copper  is  expoaed  to  ^jdP^ 
•etion  of  hydrocblorie  acid  and  air.  Bat  if  the  acid  be  mixed  wiiU  aboai  htV  ^ 
Tolrnne  of  the  onlii  ai  v  tc»t-solatioo  ef  pure  leaqiiicbloride  of  iron,  agre^B^iB^ 
Tery  8pec<1i'y  productMl,  if  the  copper  contain  only  atrarc  of  aracnic.  in  ('onap  ;'"*^*^ 
of  the  comparative  rajiidity  with  which  the  Kuluiion  of  the  copper  i-^  t lun  efieci«<i' 
Foi  the  Ritno  reason,  tiio  contact,  for  an  imataut,  of  a  fra^ent  of  ckloitts  ^ 
potaaa,  with  the  copper  immened  in  hjdrodilorie  acid,  will  pFoduteagHQr*^ 
upon  the  meUd,  even  if  the  proportion  of  anenic  pretent  be  veiy  small  Indeed.  I( 
need  aearcely  he  stated  that,  under  ordinary  eircnmstancee.  these  tes^s  src  onAj 
useful  nA  affording  a  p'-»'liminary  indication  of  the  extent  to  which  a  Rpecimcn  •'^ 
copper  is  contaminated  with  such  mcfnls  as  arsenic,  antimony,  lfa>l,  or  bismuth. 

+  Sublimates  of  anjenioug  acid  were  obtained  by  bcatiug  a  portion  of  ihcdeliWiy' 
tube  throo^tb  which  the  gau  pasKd  from  the  lead-  to  the  silrer-solntion.  Th» 
rimeBts  wen  expedited    passing  a  aknr  eunent  of  abr  ibiwi^  tbe  appuatos. 
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the  arsenic  will  continne  for  a  conaiderablc  pcriud  to  pass  oft'  ouiy 
in  the  form  of  hydride  of  arsenic,  evcu  if  it  be  present  in  the 
copper  in  very  considerable  proportion ;  and  that  it  min^ht,  there- 
fore, readily  escape  detection  in  the  distillation  ])roces8,  if  heat 
were  at  once  applied,  to  aid  in  the  solution  of  the  copper,  for  the 
purpose  of  shfvrteninj^  the  time  required  for  the  application  of  the 
test,  as  directed  by  Drs.  Tiiy  or  aiid  Odlin;;.  If  the  process  of 
heating  be  ccmtiuued  for  a  long  period,  the  disengagement  ox 
hydfi4e  of  arseiue  gradaally  diouuishMy  amiL  eventually  omn^ 
aboost  entirely,  as  the  nmouBi  of  copper  in  solatton  becomca 
Mnsiderablc,  and  n  the  fn^nenki  of  meM  beoone  paanfeotljr 
coaled  with  the  gmgr  arsenide. 

Jut  •  q«alkofi«pe  method  of  twtiiig  copper  for  arsenic  and  anti* 
aaoBft  iba  pkA  «f  beating  tiie  metal  wUb  fifdrochloiio  aeid  and 
oan^Mf  the  evolsred  gai^  purified  aa  deaoribed,  ihioii|^  nitrate  of 
aibrw-aalutmy  witb  tbe  aiiiitanre  of  a  alov  canent  of  air,  can 
be  KCQBiMHided  aa  ooe^parativelj  very  cspedilaoiiia  amd  exoeed- 
ingly  delicate;  bat,  to  kkaUfy  eaob  metal,  «rfaen  pieaent  in 
mkmte  naairitiea,  and  to  anif  e  at  « iuoirledge  of  the  proportion 
eiBktiMg  ia  Hie  eopper,  by  Areataiea  mA.  hydcoeUorie  acid,  it 
ia  nnqneitraaably  neoeasary  ie  effect  tbe  aobitioB  of  dbe  copper  «t 
ordinary  temperatures,  be£oae  diatilling,  and  hence  this  method  of 
examination  is  very  tedious  when  compared  with  the  process  of 
separation  l)y  means  of  nitrate  of  lead  and  oxalic  acid. 

As  rcgarcU  the  qualitative  examination  for  OismulJi  in  coppei', 
e-onsidcrable  adviintages,  in  point  of  delicacy  and  rapidity  of 
execution  over  the  quantitative  method  desciibed  iu  a  former 
pai-t  of  the  paper,  are  possessed  by  a  mode  of  testing  for  that 
metal,  which  is  baaed  npon  a  curious  reaction  exhibited  by  iodide 
of  potassium  in  the  joint  firosonee  of  bismnth  and  lead,  and  which, 
we  believe,  has  not  liitherto  been  noticed.  When  iodide  of 
potassium  is  added  to  a  solution  of  a  lead-salt,  it  is  well  known 
that  yellow  iodide  of  lead  ia  pieoipitated,  which  disaolxee  on  heat- 
ing tbe  liquid,  and  ia  re -precipitated,  on  cooling,  in  brilliant 
goMeft-ooloQied  aeales.  (The  solution  of  tlie  taaarfkemM  iodide 
may  be  greatly  facilitated  by  the  addition  of  a  amall  quantity  of 
bydeoeUano  oeM.)  if  tiie  leaet  trace  of  biimudi  ia  preaoBt  in  tbe 
lead-aidC;^  the  re^-precipitated  aeales  acre  no  longer  yellow,  bat 
asanme  «  dark  orange  or  crimaon  tml^  varying  in  intenaity  of 
fxdoar  aonofding  to  tbe  amnnt  of  biamtii  pieaent.  Thta  teat  ia 
of  such  extraordinary  delicacy,  iihait  O«0MI6     a  gnan  ot  bismuth 
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may  be  detected  in  copper  with  the  greatest  ease,  the  iodide  of 
lead  becoming  dark  orange,  wliilc  O'OOl  iiraiu  imp^irts  a  reddish- 
brown  tinge,  and  0*01  grain  a  bright  crimson,  the  scales  resem- 
bling chromaie  of  silver  in  appearance. 

The  mode  of  operation  in  applying  this  test  is  as  follows : — 
About  100  grains  of  the  copper  to  be  examined  are  dissolved  in 
nitric  acid,  a  solution  of  nitrate  o(  lead,  equal  to  about  5  grains 
ot  the  salt,  is  added,  and  subsequently  aiinuonia  and  carbonate  of 
ammonia.  The  precipitate  is  washed  with  ammoniacal  water,  to 
free  it  from  copper,  and  dissolved  in  warm  acetic  acid.  Con- 
siderable excess  of  iodide  of  potassium  is  introduced^  and  the  liquid 
is  vanned  until  the  precipitate  disappears.  On  cooling,  the  crys- 
talline scales  will  shew,  hy  their  colour,  the  presence  or  absence 
of  bismuth.*  If  in  the  same  specimen  of  copper  it  is  desired  to 
test  for  arsenic  and  antimony,  the  nitrate  of  lead-predpttate  is 
digested  with  oxalic  acid.  The  oxalates  of  lead  and  bismnth  iie 
insoluble  in  acetic  add,  and  must  therefine  be  dissolyed  in  as 
small  a  quantity  as  possible  of  hydrochloric  acid. 

By  the  employment  of  the  test  just  described,  bismuth  has  been 
detected  in  many  specimens  of  very  pure  copper.  Nearly  all  the 
modern  copper-coinage,  more  especially  that  of  the  reigns  of 
George  III.  and  IV.,  contains  very  considerable  traces,  and  in  the 
new  bronze-currency  it  is  abundantly  evident.  It  is  found  also 
in  the  silver  money  of  England,  as  well  as  of  other  countries, 
owing,  probably,  to  the  copper  with  which  it  is  alloyed.  Copper 
which  has  been  rolled  out  to  a  ribbon,  has  been  found  to  contaia 
it  to  the  extent  of  at  least  0*02  per  cent.,  while  in  some  spe- 
cimens of  commercial  sheet  copper,  as  mucli  as  between  0*10  and 
0*20  per  cent,  has  been  discovered.  It  may  also  be  traced  in 
nearly  all  copper  gauzes,  wires,  and  foil. 

It  might  be  presumed,  from  the  nature  of  the  methods  described 
at  the  commencement  of  this  paper,  that  bismuth  would  be  s^m- 
rated  £n»n>antimony  and  arsenic  by  means  of  oxalic  acid.  Nu- 
merous d^eriments  have  proved  this  to  be  the  case.  The  preci- 
pitate occasioned  by  nitrate  of  lead,  after  digestion  in  oxalic  aoid^ 

•  Iodide  of  loid  isvoiyMliiblo  in  tlie  tcttetat  of  80ds»  potanm 
even  iatiM  told,  fonning  colourless  solutions,  from  which  iodide  of  potassium,  added 

in  cxcew,  precipitafcf?  iodide  of  lead  in  the  crystalline  state,  although  no  heat  has 
been  applied  Uniclin,  in  mcntionintr  many  koI vents  of  this  compound,  docs  not 
allude  to  the  acetates  of  the  aikaiius,  which  dinolve  it  with  intinitcJy  greater  ease 
than  any  of  the  stken  fAiob  SIS  aMBtieaed. 
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is  entirely  deprived  of  any  antimony  or  arsenic  with  which  it 
mif^t  have  been  previously  aaiociatedj  while  the  whole  of  the 
biamutli  remains  undinolved. 

We  append  to  this  paper  a  tabular  statement  of  the  results 
obtained  by  an  application  of  the  methods  of  analysis^  specially 
recommended  in  this  papdr^.to  the  qualitative  and  quantitative 
examination  of  a  large  number  of  varieties  of  copper^  which 
includes  specimens  of  blister,  bar,  and  refined  copper  from  Chile, 
Mexico,  Australia,  North  America,  Buenos  Ayres,  Manilla,  Spain, 
Russia,  Sweden,  Norway,  Itiily,  and  Hungary;  numerous  spcci- 
nieus  of  English  "  best-select "  copper,  of  sheet  and  bolt-copper, 
and  also  several  English  and  foreign  coins. 

The  results  of  these  examinations  lead  us  to  the  following 
conclusions  regarding  the  principal  metals  associated  with  copper : 

V.  Arsenic  and  silver  are  almost  invariable  impurities  in 
copper ; 

2°.  The  occurrence  of  bismuth  in  copper  is  very  general ;  this 
metal  seems  to  be  absent  only  in  those  cases  in  which  carbonates 
of  copper  have  been  alone  employed  in  the  production  of  the 
metal,  as  in  the  majority  of  Australian  and  Russian  coppers ; 

3°.  Antimony  is  not  nearly  so  general  an  imparity  of  copper  as 
has  been  supposed.  There  appears  ^little  doubt  that,  in  analyses 
for  practical  purposes,  the  bismntb  existing  in  copper  has  been 
nustaken  for  antimony^  inasmuch  as  the  rough  qualitative  method 
of  "testings  by  the  addition  of  a  large  quantity  of  water  to  the 
strong  solution  of  copper  in  nitric  acid^  commonly  employed, 
Aimishes  a  white  precipitate  which  has  been  regarded  as  an 
indication  of  antimony ; 

4**.  Lead  is  of  very  rare  occurrence  in  cake-copper,  both  unre- 
fined and  refined,  as  sent  into  the  market;  but  appears  to  be  an 
almost  invaiiable  constituent  of  copper  which  has  been,  manufac- 
tured into  sheet  or  rod. 

It  may  be  observed,  in  conclusion,  that  iron,  which,  like 
sulphur,  exists,  <'is  might  he  supposed,  in  considerable  proportions 
in  what  is  technically  termed  bar  copper^  is  almost  perfectly 
removed  by  the  rehning  process. 
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Bs&ULTS  of  the  Eiamination  for  ^letiUic  Imparities,  of  difierent  varietiea  of  Coppei: 
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Mmerals. 

Bt  Tbsbbbick  Field,  F.E»S.II. 

Fbom  the  paper  I  had  the  honour  of  sahmitting  to  the  Sodely, 
in  conjunction  with  Mr.  Abel^  upon  the  metallic  impurities  in 

commercial  coppers,  it  will  have  been  observed,  that  many  of  the 
samples  analysed  were  found  to  contain  bismuth. 

Tins  metal  was  particularly  soujiht  for,  owing  to  an  opinion  that 
bismuth,  even  in  minute  quantities,  exercises  a  decidedly  injurious 
effect  upon  copper.  As  it  was  detected  in  coppei*8  brought  from 
many  parts  of  the  world,  it  occurred  to  us  that  it  must  necessarily 
be  associated  very  widely  indeed  with  copper  minerals,  and 
probably  existed  as  frequently  with  the  sulphides  of  that  metal^ 
as  sulphide  of  silver  is  known  to  exist  with  the  sulphide  of  lead. 
It  was  necessary,  in  order  to  determine  this  &ct^  to  make  a  rerj 
extended  investigation  of  the  minerals  of  copper  from  various 
sources,  and,  as  fsur  as  possible,  to  be  acquainted  with  the  locality, 
and  even  the  name  of  the  mine,  from,  whidi  the  specimens,  in* 
tended  for  analysis,  were  deriyed^  and  I  have  been  fortonate 
enough  to  obtain  samples  from  some  of  the  leading  mineral 
districts  with  which  we  are  acquainted.  The  investigatum  em- 
braces  analyses  of  different  Tarieties  of  copper  ore  firom  England, 
Scotland,  Ireland,  Wales,  France,  Spain,  Turkey,  Russia,  Africa^ 
and  Australia ;  as  well  as  Chile,  Peru,  Mexico,  the  United  States, 
Canada,  and  Cuba.  It  is  to  be  regretted  that  specimens  fnmi 
Germauy  and  other  countries  were  not  received  in  time  to  adiuit 
of  publication  in  this  paper.  The  method  pursued  for  the  q'T^]-- 
tative  estimation  of  bismuth,  is  described  in  the  precediii*^ 
paper;  and  it  is  merely  necessiiry  to  mention,  that  it  depends 
upon  the  extraordinary  influence  exerted  by  a  salt  of  bismuth, 
vrlien  precipitated  toirothcr  with  a  lead-salt  by  iodide  of 
potassium,  a  minute  trace  of  the  former  metal  imparting  a 
strong  red  tinge  to  the  yellow  iodide,  which  is  seen  to  greater 
advantage^  when  the  double  salt  is  dissoked  in  very  dilute  hydro* 
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dhloric  aeid,  at  the  boiling  temperatiure^  and  allowed  to  cool 
slowly.  liM,  in  the  minority  of  copper  ores^  iron  exists  to  a  yery 
great  extent,  and  is  necessarily  precipitated  by  ammonia,  together 
with  the  lead  and  bismuth,  it  is  more  conyenient  to  dissolve  the 
mineral  to  be  examined,  in  nitro-hydrochloric  add^  expel  all  traces 
of  nitric  add  by  boiling,  and  after  filtration^  precipitate  the 
copper  and  bismnth  npon  metallic  iron.  After  digestion  in  nitric 
add,  the  examination  may  be  conducted  as  previously  directed. 
As  tlic  list  of  nearly  fifty  examination.^,  appended  to  tlii.s  memoir, 
only  includes  those  minerals  in  which  bismuth  has  been  found,  it 
may  be  as  well  to  cite  a  few  instances  in  which  it  could  not  be 
detected. 

Bismuth  is  absent  in  all  the  oxides,  carbonates,  and  metallic 
coppers  of  Chile.  In  the  phosphates  {Liebethenite  and  Tagilite), 
and  in  the  silicates  Chryaocolla  aud  Dioptase;  in  the  arsenides 
DonMykite  and  Algodonite,  and  in  the  highly  sulphuretted  mineral 
Quayacanite  (SCu^S.  As  S5).  It  could  not  be  recognized  in  the 
malachites  from  Siberia,  Bussia,  Australia,  and  the  west  coast  of 
Africa,  nor  in  a  spedmen  of  double  sulphide  of  copper  and  iron 
(Cu^SjFe^Ss)  ^™  Coquimbo.  Many  other  specimens  (free  from 
sulphur)  were  examined,  but  no  bismuth  could  be  obtained. 

The  conclusions  dedndble  from  the  aboye  experiments  must 
lead  us  to  suppose,  that  bismuth  is  seldom  or  neyer  found  in 
copper  minerals  free  from  sulphur;  but  on  the  other  hand, 
that  it  is  nearly  always  found  in  conjunction  with  the  sul- 
phides. The  two  instances  just  related,  in  which  it  is  absent, 
are  exceptions  to  tihe  constancy  of  its  presmice,  and  it  may  be 
conduded  that  it  exists  to  as  great  an  extent,  and  in  about  the 
same  proportion  with  sulphide  of  copper,  as  sulphide  of  silver  to 
sulphide  of  lead. 

It  may  be  mentioned,  that  Mr.  John  Abel  detected  bismuth 
as  tersulphide  in  some  copper  minerals  in  Copiapo ;  a  fact  which 
is  rather  interesting,  as  it  was  the  first  instance  in  which  bismuth 
was  found  associated  with  copper  iu  that  part  of  South  America. 
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XXIV. — Leucic  Add  and  some  of  Us  SalU, 
3¥  J.  lima  W.  iBvmcnvu,  M  J).. 

JPr!4Nmi<toii.*--WlMft  fwrt  IcnciM  k  dMaohred  la  wmtb  water 
and  traatod  wMi  tttrooa  aeldfaa^  it  la  deooaq^oaed,  witk  evolntuMi 
ol  nkngan.  Tlie  Uqoid  froAa  very  much,  and  aiwniaw  a  reddiih 
flolottv.  VHiett  tlie  ieaetio&  oaascs,  whioli  la  geacraliy  tha  caaa 
t^k&t  tbraa  or  foar  boufa,  the*  ioid  is  evaporated  to  a  small  bulk 
or  syrupy  consistence  on  the  water-bath,  and  allowed  to  cool.  If, 
<uj  should  be  the  case,  a  quantity  uf  uiidecom posed  leucine  is 
present,  the  fluid  shoots  into  a  crystallised  mass  of  nitrate  of 
leucine  surrounded  hy  a  syrupy  acid.  Tliis  mixture  is  transferred 
to  a  stoppered  bottle,  aud  treated  with  repeated  quantities  of  ether, 
which  dissolves  leucic  acid,  leaving  nitrate  of  leucine  in  splendid 
crystals  uadissolved.  Crystals  iuid  solution  are  separated  hy  the 
filter,  tlie  ether  is  distilled  off  the  filtrate,  and  tlie  syrupy  residue, 
of  a  slightly  yellowish  colour,  is  evaporated  on  the  water-bath  for 
a  short  lime.  It  is  next  dried  over  sulphuric  acid^  when  over- 
in'ght  crystallisation  begiuA  from  the  mavgin  of  the  symp,  whichi 
in  the  course  of  a  few  days,  involves  the  whole  liquid. 

¥rQm  the  watery  solution  in  which  it  was  finmd,  leucic  acid  may 
be  extracted  by  eUier  directly,  without  the  aMistance  of  prelimi- 
nnry  eraporatioii.  In  this  case,  tha  solution  must  be  treated  with 
repeated  qoaaftitiea  of  atber,  otherwisa  mudi  lencie  add  remainein 
soltttioo.  Whea  evaporatum  ia  bad  recourse  to,  it  m  beat  to  add 
a  litUe  kaaine  to  the  fluid,  which  oombines  wUb  the  free  nitric 
acid,  aad  praveata  it  firom  exertiiig  any  oxydizing  influence  upon 
the  lencie  add. 

FrepertisB, — The  crystals  are  needles  placed  in  radiary  arrange- 
neut,  the  centres  being  at  the  periphery  of  the  soi&oe  of  the  liquid 
where  it  touches  the  dish.  The  crystallised  masses  have  the  lustre 
of  mother-of-pearl,  with  a  beautiful  variety  of  concentric  uiarkiugs, 
resembling  the  markings  of  some  descriptions  of  larch  agarics,  in  a 
much  higher  degree  than  the  clusters  of  leucine  itself,  which  have 
been  so  described. 

Impure  and  daxk-oolouied  leucic  add  ciystaUiaes  much  more 
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slowly  than  the  pure  acid.  It  requires  about  a  week  of  standing 
OTer  sulphuric  acid^  before  a  start  is  effected,  and  even  thea  the 
formation  of  crystals  proceeds  but  slowly. 

Pur{fication, — ^The  acid  thus  obtained  may  be  purified  after 
crystallisation  by  re-solution  in  cold  water  and  filtration.  An.  in- 
soluble dark-brown  oily  matter  remains  on  the  filter.   The  Cfye- 
tallised  acid  may  also  be  pressed  between  folds  of  bibulous  paper; 
bat  unless  a  good  press  or  a  Tice  be  employed,  mnch  liquid  will  not  be 
removed  thereby.   On  the  whole,  the  purification  of  leucio  aoid  ia  a 
difficult  and  tedious  process.   The  greatest  care  should  therefore  be 
taken  to  employ  pure  leucine  for  the  production  of  the  acid. 
Nevertheless^  the  apparently  purest  leucine  not  unfirequenily  yields 
a  yellow  solution.    This  is  best  treated  with  acetate  of  lead,  wliich 
precipitates  Icucate  of  lead  in  \vliite  co})ious  Hakes,  to  be  dissolved 
in  boiling  alcohol  after  washiuf;^  with  water;  the  precipitate,  after 
washing  with  cold  alcoliol,  and  suspension  in  water,  is  to  be 
decomposed  by  hydrosulphuric  acid.    The  watery  solution  should 
be  evaporated  on  the  water-bath  at  a  very  low  temperature  or  over 
sulphuric  acid. 

Chemical  Properties. — Leucic  acid  cuts  under  the  knife  like 
hard  soap^  almost  like  stearic  acid,  and  is  very  soluble  in  water. 
A  small  piece,  placed  in  water,  is  rapidly  dissolved^  prodadng 
curious  currents  of  diffusion.  This  phenomenon  is  most  remark- 
able when  watched  with  the  aid  of  the  microscope.  ^ 

Leucic  acid  is  heavier  than  water.  Its  solution  has  an  agieeaUy 
acid  taste,  reddens  litmus,  and  deoompoees  carbonates,  the  aeid 
combining  with  their  bases. 

It  is  soluble  in  alcohol  and  ether. 

When  heated  below  the  boiling  point  of  water,  it  fhses,  and^  on 
cooling,  solidifies  again.  When  the  heating  in  the  water-oven  is 
continued  for  several  hours,  the  evolution  of  add-smelling  vapours 
is  continually  perceived.  On  cooling,  the  acid  does  not,  however, 
again  solidity;  it  becomes  more  consistent,  but  remains  an  un- 
crystallisable,  dark-brown,  smeary  syrup,  which,  after  stciudiunr 
for  weeks  over  .'^ulphuric  acid,  undergoes  no  change,  and  is  found 
to  be  nearly  insoluble  in  water,  separating  from  it  like  oil,  and 
sinking  to  the  bottom.  It  emits  a  very  disagreeable  odour.  When 
leucic  acid,  even  in  dilute  solutions,  is  heated  to  the  boiling  point,  or 
when  its  solution  is  evaporated,  a  small  quantity  of  this  insoluble 
compound  is  always  formed.  It  is  the  admixture  of  this  substance 
whidi  makes  the  production  of  piure  salts  of  leucic  acid  a  matter 


Digitized  by  Google 


AUD  80M  OF  ITS  84LT8. 


809 


of  some  (lifTiculty.  This  peculiar  chniifre  also  c?cplains  the  state- 
ment which  I  have  seen  put  forth  in  Schlosser's  "  Handhnch 
der  Chemie/'  that  Icucic  acid  is  not  crystallisable.  It  is  highly 
crystallisable,  but  easily  becomes  transformed  into  an  uncrystal- 
lisable  body,  by  exposure  to  a  tein])eraturc  not  exceeding  the 
boiling  point  of  water.  The  properties  of  the  new  substance  I 
have  not  studied  any  further. 

When  heated  strongly,  leucic  acid  gives  out  thick  fumes,  and 
blackens,  then  takes  fire  and  burns  with  a  fuli<:»iuous  dark- 
yellow  flame,  leaving  a  small  quantity  oi  charcoal,  which  is  quickly 
and  easily  consumed. 

Componium  and  Analyses. — I.  6*447  grains  of  crystallised  acid, 
dried  over  sulphuric  acid,  and  burnt  from  a  {datinum  boat  in 
a  current  of  oxygen,  yielded  grains  of  carbonic  add  and 

5  047  grains  of  water,  corresponding  to  53*73%  of  carbon  and 
8-68%  of  hydrogen. 

II.  5*473  graanayifllded  10*792  grains  of  carbonic  acid  and  4*337 
grains  of  water,  oofxespondrng  to  58*77%  of  carbon  and  8*80%  of 
hydrogen. 

III.  5-645  grains  yielded  11*220  grains  GO^  and  4-402  UO, 
equal  to  54*20%     and  8*66%  H. 
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Taking  into  consideration  the  known  formula  of  leucine, 
Ci9H,3N04,  and  the  equivalent  of  leucic  acid,  as  aacertained  by 
the  analyses  of  some  of  its  salts  Stated  bdlow,  the  aboTO  figures 
lead  to  the  formula  Ci^jH^^Og. 

Both  carbon  and  hydrogen  were  fomid  too  low  in  the  analyses, 
while  the  same  add  furnished  salts,  which,  like  that  of  cobalt, 
yielded  the  most  accurate  figures  on  analysis.  On  re-solution  of 
another  portion  of  the  add,  used  for  combustion,  it  was  fimnd  that 
a  small  portion  had  again  been  transformed  into  the  dark,  oily 
body  insoluble  in  water. 

The  mode  of  burning  lendc  add  in  the  platinum  boat,  in  a 
current  of  oxygen,  is  not  the  most  suitable,  as  in  case  the  add  is 
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heated  a  little  too  rapidly,  explosiors  arc  likely  to  cusue  withui 
the  cum bustion- tube,  which  eaaily  disuinaiige  the  apparatus  aud 
cause  the  loss  of  tl»e  analysis. 

I^ucate  of  Aiiunonia. — Leucic  acid  neutralised  with  atniuJliia  iu 
slight  excess,  and  evnporatc  d,  lenvrs  a  thick  homogeneous  rcsirlu**, 
in  which  no  crystallisation  can  he  observed,  eTen  after  it  has  becu 
drying  over  sulphuric  acid  for  several  uet  ks. 

Leucate  of  Soda. — A  watery  solution  of  leucic  acid,  careful  I  v 
saturated  with  carbonate  of  soda  and  CTaporated,  leaves  a  syrupy 
residue  covered  with  a  crystalline  crust.  On  standing  over  sul- 
phuric acid,  cry&tals  form  in  the  syrup,  which,  under  tite  mirro- 
scope,  have  a  characteristic  tub-shape,  with  rhombic  plates  inttM-- 
spersed  here  and  there.  The  crystals  cotdd  not  be  su&ci^itiy 
iaolated  and  purilicd  for  nnri lysis. 

Leucate  of  Lime. — Cjilln^^^e'  dilute  solution  of  leucic 
acid,  while  boiling,  is  neutralized  with  carbonate  of  lime.  Tljo 
filtrate,  on  evaporation,  yields  crusts  of  a  salt  which  1  have  not 
been  able  to  observe  in  a  crystalline  state.  The  salt  cannot  be 
purified  by  rccrystallisation^  and  retains  the  yellow  colonr  wiiich 
it  assumed  during  boiling. 

I.  0-776  grm.,  dried  at  100»  C,  yielded  0-337  gim  of  aulpk«te 
of  lime,  correi^^onding  to  12-78%  of  calcium. 

II.  0-588  grm.  gave  0*2535  grm.  of  sulphat^  oomspondiDg  to 
12*68%  Ca. 

X.  II.  GUenlslsd. 

Ca      12-78      12-e8  13*24 

Leueaie  qfMagnetia, — A  Terj  dilute  solntioa  of  leucic  acid  is 
neutralized  witb  carbonate  of  magnesia.  The  salt  is  very  little 
soluble  in  water,  and,  like  the  sino-salt,  is  deposited  in  cruats  on 
evaponlion. 

hmciUt  ^  Baryta. — A  dilute  watery  solution  of  the  acid  is 
neutralized  with  the  carbonate  while  boiling.  After  Mtration  and 
evaporation,  ctystalline  crusts  of  the  salt  ate  olvtained.  Pressed 
between  bibulous  paper  and  dried,  the  ssH  retains  a  yellow 
colour. 

LemtUt  vf  Cobalt, — A  dilute  aqueous  solutton  of  leueic  acid  is 
boiled  with  an  excess  of  esrbonate'of  cobalt.  The  fose-eolonred 
filtrate,  on  evaporation,  deposits  light  crusts  of  a  pink  colour  while 
moist,  but  of  a  very  pale  rose  colour,  or  almost  white  when  dry. 
This  salt  is  not  mueh  more  soluble  in  boiling  thna  in  cold  water. 
Its  solubility  in  this  menstruum  is,  on  the  whole^  limited. 
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It  cryitatiiwHi  m  i^edlcs,  wbicli,  when  Men  mder  tiie  mioro- 
icope,  tppeMr  tmsagdA  in  globular  bmmmb.  To  the  naked  eye 
ihew  globiilee  iqppear  as  liMle  warta  imbedded  in  cnasta  abviring 
no  atpaKstane. 

Anafy$e»  and  Comparitum, — I.  7*9  grains,  on  .ocnttbiMfeion,  left 
24*5596;  yn,,  1*94  grains  of  midne,  being  C03O4,  of  wUeh^  tbeo- 
retiaally,  25*25%  sbovld  be  left  After  tvaatBaent  vHb  nitric 
aoid  and  eKpoanre  io  beat,  tlie  peraentage  ndue  eif  the  residiie  rose 

to  a6'49%,  but  fell  again  to  28*54%  after  prolonged  exposure  to  a 
H^lit  red  heat.  After  reduction  Mith  hydrogcu,  t])(  ro  were  left 
1'46  grains  of  metallic  cobalt,  corresponding  to  18'48'/u. 

II.  2  570  grains,  on  combustion,  left  0*62  grains,  or  2412% 
C'0;^0^ ;  and,  on  treatment  with  hydrogen^  lek  0*470  grains  Co^ 
equal  to  18*28%. 

These  ^gures  again  show  that  no  constant  compound  of 
oxygen  and  cobalt  can  be  obtained  by  exposure  of  a  salt  to  heat, 
and  that  cobalt  ninst  be  ^antitatifroly  detennined  in  4te  metallic 
state. 

The  average  of  "the  two  determinations  esaoUfy  eonetponds  wi^ 
the  theoretical  amount;  viz.,  18*38%. 

III.  0*4619  gnn.^  on  combastion  with  oxyde  of  eopper»  yielded 
0*7611  grm.  of  caxboaic  add  and  0*2802  of  water,  corresponding  to 
44*97  per  cent  of  carbon  and  6*75%  of  hydrogen. 

IV.  0*280  grm.  yielded  0*4686  grm.  CO .  ad  01712  grm.  HO, 
con-esponding  to  44*67  C,  and  6*79%  H. 
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Leucate  of  Zinc. — Dilute  leucic  acid,  wliilc  boiling,  is  treated 
v»"ith  carbonate  of  zinc.  The  salt  in  solution  is  filtered  while 
boiling  hot.  If  the  solution  of  leucic  acid  was  not  exceedingly 
dilute,  u  thick  frotli,  contniniiig  undissolved  salt  and  carbonate,  is 
formed  at  the  top  of  the  liquid,  which  requires  repeated  boiUng  with 
water  before  it  is  dissolved.  The  latest  solutions  are  the  purest 
and  least  coloured*   The  solution  of  the  leucate  deposits  a  thin 
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crust  on  cooling.  On  evaporation  over  the  water-bath,  it  soon 
becomes  covered  with  a  crust,  and  on  cooling,  deposits  voluminous 
masses  of  needles.  They  are  separated  by  the  filter,  pressed 
between  bibulous  paper^  aud  dried  by  exposure  to  air,  or  over 
the  water-bath. 

The  salt  is  white,  like  snow,  and  of  a  splendid  silky  Instre. 
Under  the  microscope,  masses  of  needles  arc  observed,  which,  in 
the  cnutSi  are  seen  to  form  dark  globular  mawes.  It  is  little 
soluble,  even  in  boiling  water;  leas  soluble  in  ookL  At  100°C., 
the  salt  parts  with  little  more  than  half  the  moisture  which 
it  retains  when  air«dry.  It  reqnirea  a  temperature  hetween  120** 
and  180°C.  to  dry  it  completely. 

HydroBolpharie  add  precipitates  only  a  portion  of  the  Kmc  from 
a  sdution  of  the  salt.  Even  after  repeated  satoration  of  dilate 
and  concentrated  solutions  with  this  gas,  such  an  amonnt  of  mnc 
remains  in  the  liquid^  that,  on  concentration  and  cooling  of  the 
aolntionj  the  ainc-salt  crystallifles  in  splendid  needles.  The  best 
mode  of  producing  the  sinc-salt  in  a  pure  and  crystallised  state, 
is  to  let  it  crystallise  from  an  excess  of  leucic  acid. 

Analyses  and  Composition,-^ 
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m. 

44*01 

43*83 

43*95 

43-84 

110 

6-72 

6-79 

7-08 

G-82 

o,, 

•lO-O 

2i-4-5 

» 

99 

ZnO 

40- G 

2182 

99 

99 

163-6 

10000 

IV.  V. 

>f  99 
99  9» 

it  y> 

25-45  24-65 


I.  0'4243grra.  of  salt,  on  combustion  with  oxide  of  copper, 
gave  0'6820  grm.  of  carbonic  acid  and  0'2596  grm.  of  water^  corre- 
ponding  to  43-83  ^o  C  and  0-79^^  H. 

II.  0-2850  grm.  of  substance  yielded  0  4593  grm.  CO,,  and 
0-1817  grra.  HO,  correspoudiug  to  43-95%  C  and  7*08%  H. 

III.  0-320  grm.  of  salt  gave  out  0-5143  grm.  COj  and  0*1965 
grm.  HO,  equal  to  43-84%  C  and  6  82%  H. 

IV.  0-4380 grm.  of  salt,  dissolvrrl  in  hydrochloric  acid,  pieci- 
pitatcd  with  carbonate  of  potassa,  after  enposnte  to  red  heat,  left 
0*1116  gem.,  corresponding  to  25*45%  ZnO. 
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Y.  7*923  grains  of  salt,  dissolved  in  hydrochloric  acid,  and 
precipitated  by  carbonate  of  soda  while  boiling,  yielded  1*958 
grain,  or  24*65%  of  ZnO. 

Lencate  (jjf  Suboxide  ojf  Mercury, — When  to  a  eolation  of  leucic 
acid  a  solution  of  nitrate  of  snboiide  of  mercury  is  added,  a  slight 
turbidity  ensnes.  The  addition  of  carbonate  of  soda  prodnoes 
a  oopioiu  reddish-white  precipitate,  which,  on  boiling,  beoomes 
red,  then  dull  grey,  and  deposits  metsllic  mercury  at  the  bottom 
of  the  tube. 

Lewsaie  qf  Oxide  of  Mercury  may  be  prepared, — 

«.  Directly,  by  dissolving  freshly  precipitated  moist  oxide  of 

mercury  in  an  aqueous  solution  of  leucic  acid.  A  flaky  precipitate 
gradually  ensues,  which,  on  heating,  becomes  red  and  granular, 
and  adhcrc.H  to  the  sides  of  the  glass.  On  cooling,  a  new  preci- 
pitate, consisting  of  whitish  globules,  is  deposited. 

b.  By  adding  nitrate  of  protoxide  of  mercury  to  an  aqueous  solu- 
tion of  leucic  acid.  Awhitish-red  precipitate  is  then  formed,  which 
dissolves  on  boiling,  and,  on  cooling,  is  again  deposited  in  reddish 
granules. 

c.  By  adding  the  mercurial  solution  to  the  leucate  of  an  alkali. 
The  leucates  of  both  oxides  of  mercury  have  a  great  tendency 

to  become  reduced.  The  salt  of  the  oxide  easily  passes  into  that 
of  the  snbocqr^*  The  salt  of  the  oxide,  moreover,  hss  a  great 
tendency  to  become  basic  snd  insoluble.  For  these  reasons,  the 
salts  have  not  been  anslysed. 

Lmeate  qf  Gopper.-^'When  a  dilute  aqueous  solution  of  leucic 
acid  is  treated  with  a  dilute  solution  of  ammonio-sulphate  of 
copper,  the  colpur  of  the  copper-salt  changes  to  light  grem. 
On  boiling  the  liquid,  it  becomes  paler,  and,  on  coding, 
deposits  light  green  granules  of  leucate  of  copper.  Under  high 
powers  of  the  microscope,  these  granules  appear  as  balls,  formed 
by  a  radiary  arrangement  of  needles.  The  smallest  balls  are  more 
suitable  for  seeing  this  arrangement  than  the  lai'ger  ones,  which 
are  not  sufliciently  transparent. 

The  salt  is  very  little  soluble  in  cold, — more  soluble  in  boiling 
water.  Dried  at  130^,  it  left,  on  combustion  in  the  platinum 
crucible  and  treatment  of  the  residue  with  nitric  acid  and  renewed 
exposure  to  heat,  a  quantity  of  oxide  which  corresponded  to 
28-26%. 
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Leueate  of  Silver. — A  hot  dilute  solution  of  leucic  acid  dccMtt- 
poses  recently  prepared  earl)onate  of  silver  with  effervescence. 
The  excess  of  the  silver  and  the  undissolved  portion  of  the  Icucate 
become  hlackish-grey,  but  the  acid  is  not  entirely  neutralized. 
The  hot  filtrate  forms  no  deposit  on  cooling.  The  attempt  to 
evaporate  it  over  the  water-bath  produces  a  black  precipitate  of 
reduced  silver.  It  must,  therefore,  be  evaporated  under  the 
air-pamp  with  the  aid  of  sulphuric  acid.  After  prolonged 
standingj  a  few  eryatala^  of  a  glassy  lustre  and  appearing  uuder 
the  microscope  as  groups  of  rhombic  plates,  are  deposited  at  the 
margin  of  the  dish.  The  liquid  then  becomes  covered  with  a  pel- 
licle, and  evaporation  is  impeded.  At  a  later  stage,  conglomerstei 
of  ne^lea  are  deposited,  wldeh,  when  carefolly  dried  oTer  sulphuric 
acid  in  ▼acno,  appeared  a  Httle  blackened,  like  moat  sihrer-salts,  bat 
not  deeomposed*  0*4606  grm.  yic^Ided  0*1242  grm. 
to  2«*97  per  cent.  The  bileneate  of  silver  (C^,^lln^sP6l'^' 
Ci^^HjgOg,  requires  29*1%  of  silyer. 

By  adding  nitrate  of  silver  to  a  warm  solution  of  Icncste  of 
potassa,  or  soda,  or  ammonia,  a  copious^  white,  amorphous  preci- 
pitate is  produced,  which  increases  as  the  liquid  cools.  I* 
soon  blackens  when  allowed  to  stand  in  the  mother-liquor. 
Filtered,  washed,  and  dried  over  sulphuric  acid,  it  yielded  by  anal)*is 
the  following  result : — 

^'186  grains  left,ou  combustion, 0*965  grain  of  silver,  or  4414%. 


Bquivalmta. 

In  lOa  parla 
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0. 

48 

99 

99 
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On  diying  over  the  water«hath  below  100**,  this  salt  became  hrowfl/ 
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and  ooBtmiied  to  low  wcdght.  After  many  uaeleas  attempts^  I 
abandoned  its  further  analysis. 

LenMe  <f  — On  adding  acetate  of  lead  to  a  solution  of 
leucic  acid,  pr  a  suitable  leucatC;  a  copious  wbile precipitate  is  pro- 
duced^ which  is  flaky,  and,  on  boiling,  almost  entirely  dissolves  in 
the  fluid.  Any  portion  remaining  undissolved  mr  Its  into  h  white 
mass,  which  is  soft  like  resin  while  waim,  but  beeoraes  brittle  and 
hard  on  cooling.  This  substance  is  insoluble  in  water  and  alcohol, 
even  ou  boiling,  and  seems  to  be  a  basic  salt. 

If  tlie  solution  of  load  is  added  to  a  boiling  solution  of  the  acid, 
no  precipitate  ensues,  acid  vapours  are  evolved,  and  the  liquid 
becomes  milky  on  cooling.  In  a  short  time,  it  deposits  the  new 
salt  as  a  light,  grannlar«  vhite  mass,  which,  under  the  microscope, 
apfieaia  to  be  made  up  of  a  multitude  of  spherical  masses,  which 
strongly  refrad  light,  and  are  (tf  tha  siie  of  hnman  blood-cor« 
pnsdes.  * 

This  salt  Is  more  easily  soluble  in  an  etcess  of  the  aeetate  than 
in  water.  It  is  oaaily  soluble  in  spirit  of  wine,  particularly  in 
boiling  spirit.  Even  in  these  solutions  basic  salts  are  easily  formed. 
The  addition  of  water  to  these  aolntious  produces  a  precipitate. 

Tfae  bibasic  salta  of  lead  and  meieury,  andtlic  peculiar-'-perhaps 
acid — sUvoMMilt,  are  subjects  for  ftirther  empdiy.  The  attempt 
to  produce  an  acid  baryta -salt,  by  evaporating  two  equal  quantities 
of  acid,  one  of  which  had  been  neutralized  with  carbonate,  pro- 
duced a  mixture  of  neutral  salt  and  leucic  acid,  having  tlic  I'onii 
of  a  smeary,  half-solid  mass.  That  the  neutral  ziuc-salt  crys- 
taliises  ixom  acid  solutions,  I  have^already  stated. 

The  foregoing  paper  is  the  commencement  of  an  enquiry  into  the 
nature  and  transformations  of  those  ainido-acids  which  play  a  part 
in  the  normal  or  abnormal  chemical  processes  in  man  and 
animals. 
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CMMMtoHi  to  Om  Hftrtory  of  ike  Whmt^mrmt  Ba»— , 
By  Augustas  urilliam  Hofmann,  F.R.8. 

[Abitnwidd  ftom  s  miIm  «f  psptn  iwd  iMfora  tiM  BapX  MMy,  June  Sl»  1860.] 

THIBD  MEMOIB. 

Phosphammonium  and  Fhoaphanonium*,  DiarMomum-'  and  Jrutm* 

mommirCon^poundi* 

In  tlie  former  section  of  this  inquiry,  I  have  endeavoured  to  trare 
the  history  of  the  bodies  which  are  generated  by  the  mutual  aotiDn 
of  tricthylphosphine  and  dibromide  of  ethylene.  Endeavour  in';, 
as  far  as  possible,  to  fix  with  precision  the  several  phases  of  this 
reaction,  I  have  also  carefully  studied  its  principal  products,  the 
history  of  whicii  appears  to  open  the  clearest  perception  of  the 
nature  of  the  polyatomic  ammoniM^  and  more  especially  of  their 
oonnezion  with  the  monatomie  haaes.  The  four  saline  compoands 
which,  in  accordance  with  the  indications  of  theory^  are  formed 
by  the  action  of  dibromide  of  ethylene  upon  triethylphospliinc, 
the  bromides  of  the  bromethylated,  oxethylated,  and  vinylated 
monophosphoniumy  and  of  ethylene -diphosphonium,  represent,  in 
the  phosphonis-series,  as  well  as  in  the  nitrogen  and  arsenic  series, 
four  classes  of  salts,  the  individual  terms  of  which  admit  of  being 
constructed  in  unlimited  number  and  endless  variety. 

The  following  pages  are  devoted  to  the  consideration  of  several 
compounds  belonging  to  these  four  principal  groups.  The  exami- 
nation of  the  mixed  diatomic  bases  of  the  phosphorus-nitrogen, 
phosphorus-arsenic-  and  arsenic-nitrogen-series,  have  more  espc- 
dalljr  engaged  my  attention.  Before,  however,  proceeding  to  a 
detailed  aoooant  of  these  snbstancea,  which  form  more  partioilarly 
the  subject  of  this  paper,  a  few  experiments  may  stiU  be  briefly 
mentioned  which  are  even  more  closely  connected  with  the 
observations  recorded  in  the  previous  memoir. 

Action  or  Dichloridb  or  Ethi lbni  on  TEiETHTLrHosrHiNs. 

It  is  precisely  analogous  to  that  of  dibromide  of  ethylene,  giving 

rise  to  the  two  compounds — • 

'  C8H,^C1,=  [(CjH^Cl)  (CaU,),P]Cl,  and 

If  the  reaction  Ije  suITercd  to  go  on  to  the  end  under  tlie 
influence  of  heat,  the  resulting  white  crystalline  mass  consists 
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almost  entirely  of  tlic  dipliosphomTuii-compound^  no  matter  in. 
what  proportions  the  two  bodies  may  be  mixed,  or  whether  they 
act  upon  one  another  in  absence  or  in  presence  of  alcohol  or  ether. 
To  obtain  the  monatomic  compound,  a  mixture  of  triethylphos- 

phine  with  a  very  larj^c  excess  of  chloride  of  ethylene  must  be 
left  to  itself  for  soTiie  days.  The  white  crystalline  needles  which 
tlic  liquid  deposits,  are  mixed  even  then  with  a  considerable 
quantity  of  the  diphosphonium-compound ;  but  on  treating  their 
solution  with  dicliloride  of  platinum,  and  leavinj^  the  pale-yellow 
precipitate,  which  exhibits  au  uiimibUikeablc  dipliosphouic  chu- 
racterj  at  rest  for  some  hours,  it  becomes  traversed  by  a  number 
of  deep  orange-yellow  crystalline  stars^  which  ma^  easily  be 
separated  from  tne  yeUow  powder  by  mechanical  nnsing.  By 
boiling  the  yellow  powder  with  water,  an  additional  quantity  m 
this  orauge-yellow  salt  is  obtained,  which  may  be  purified^  together 
with  the  first  portion,  by  recrystallization.  This  salt  resembles  in 
most  respects  the  platinum-salt  of  bromethylated  triethylphos- 
phonium  ;  it  is,  however,  somewhat  more  soluble,  and  exhibits 
a  more  decided  tendency  to  assume  the  octohedral  character.  The 
properties  of  this  body  plainly  show  that  it  is  the  pUUimm'^aU  qf 
chlorethylated  intlfn/ /phosphon ium  : 

c,H,^  pt  ci«  -  [(c,H^ci)  ififi^jf}  a.  Pt  a,. 

The  chloride  prepared  from  the  needle-shaped  platinum-salt  by 
sulphuretted  hydrogen  yielded,  when  treated  with  oxide  of  silver, 
a  caustic  liquid,  which,  after  addition  of  hydrochloric  acid  and 
dichloride  of  platinum,  deposited  the  well-known  octohedra  of  the 
oxethyiated  phosplioniuui-salt : 

[(C,H,0)(C,H,),P]Cl,PtCly 

No  doubt  could  exist  respectiug  the  nature  of  the  sparingly 
soluble  diphosphomum-platinnm-salt* 
Thefonrala 

C,,H„P,Pt,Cl,  «  [(C,H,)-  [cjlf^^]  "Clt,  2Pt  CI, 

was,  nevertheless,  established  by  experiment. 

I^e  componnds  of  cUorethylated  triethylphosphonium  are  like- 
wise  formed  under  conditions  similar  to  those  which  have  already 
been  mentioned  as  leading  to  the  reproduction  of  the  bro- 
methylated from  the  oxethyiated  salt.  On  subjectiuf^  the  chloride 
of  oxethyiated  triethylphosphonium  to  the  inliuence  of  penta- 
chloride  of  phosphorus,  a  violent  reaction  takes  place,  attended 
with  evolution  of  vapours  of  oxychloride  of  phosphorus.  If  the 
chloride  of  phosphorus  be  added  by  small  portions  till  uo  further 
action  is  perceptible,  and  the  mixture  be  Ihen  digested  till  the 
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hydrochloric  acid,  tlic  ox vcliloridc,  and  any  excess  of  pentachloridc 
arc  drivcu  off,  the  chloride  of  the  chlorethjlated  oompouad 
remains  in  the  retort. 

[(CjH.O)  (C,HO.P]  CI  +  P  CI,  =  PO  CI,  + 
[(CjH^Ci)  (C,Hb),P]  CI  +  H  CL 

To  fix  the  nature  of  this  reaction  by  a  number,  the  aolation  of 
the  residual  chloride  was  precipitated  with  dichloride  of  platinam. 
On  rccrystalUzing  the  platinum-precipitate  from  boiling  water,  the 
beautiful  needles  characteristic  of  the  chlorethylated  compound 
immediately  made  their  ^^pearance,  which  on  analysis  were  found 
to  contain, 

[(C,ll4Cl)(C,H,),P]Cl,  PtCl, 

Monochlorinatcd  chloride  of  ethyl  acts  ou  tricthylphospliine 
like  dichloride  of  ethylene.  At  the  common  temperature,  and 
with  a  large  excess  of  the  cUloriaated  compound,  the  chloride  of 
chlorethyl-triethylphosphonium  is  produced,  which  was  easily 
identified  by  the  reaction  with  excess  of  nitrate  of  silver  and 
ammonia,  repeatedly  mentioned  in  the  preyious  memoir.  At  the 
temperature  of  100  ,  and  with  a  considerable  excess  of  triethyU 
phosphinc,  crystals  of  the  dichloride  of  cthylcnc-diphosphonium 
arc  Jioon  deposited.  The  nature  of  the  latter  was  fixed  by  the 
preparation  of  tlie  characteristic  platinum-salt,  and  of  the  beauti- 
fully crystallized  di-iodidc. 

Action  or  Di-iooide  of  £thyl£N£  on  Tai£TUYiJ>HosPuiN£. 

The  two  bodies,  in  the  absence  of  solvents,  act  upon  one  another 

with  explosive  violence.  The  heat  evolved  causes  the  iodide  of 
ethylene  to  resolve  itself  into  ethylene  and  iodine,  which  unites 

directly  with  the  phosphorus-base,    1  f  the  violence  of  the  action 
be  diniinishcd  by  admixture  of  alcohol^  a  white  crvstalline  mass 
is  obtained  cuiiMbtiug  almost  entirely  of  the  hydriodate  of  the 
phosphorus -base. 
If  the  compounds 

r(C3HJ)(C,ir,),P]Iand 

arc  likewise  formed,  they  must  be  present  in  extremely  small 
quantities  only.   The  crystals,  dissolved  in  water  and  decomposed 

by  baryta,  left,  after  the  triethylphosphinc  had  been  removed  by 
ether,  the  iodine  by  oxide  of  silver,  and  tbe  baryta  by  xncnjis  of 
carbonic  m-'ul,  scarcely  traces  of  an  organic  compound.  Tbe 
triethylphosphinc  evidently  acts  upon  iodide  of  ethylene  just  like 
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nn  nlroluilir  ?!()h)tion  of  pota^^^a,  tlio  fliicf  phase  of  the  reaction 
doubtless  consistiiif^  in  the  traiistbrination: 

(C,H,),P  +  (C,H,)I,  .  [(C,H,J,HPjI  +  C,H,I. 

Isliould  not  omit  to  mcntiou,  however,  that  the  production  of 
iodide  of  vinyl  (C<jH3l)  Was  not  demonstrated  hj  a  special 
experiment.  There  was  some  probability  of  an  lodethylated 
triethylphosphonium-compound  being  formed  by  the  action  of 
iodide  of  phosphorus  on  the  chloride  or  iodide  of  the  osethylated 
metal;  but  these  bodies  do  not  act  on  one  another. 

Htbbidb  of  Ethtlbnb-Diphosfhonium. 

In  .1  former  paragraph,  I  mentioned  as  a  fact  of  peculiar 
interest,  the  formation  of  the  dibromide  of  hcxethylated  ethyleue- 
diphosphoninm  by  the  reaction 

[(C,H«Br)(C,H,),P]Br+(C,H,),P-L(C,H,)"<[^I}^]^^]"Brr 

Tlic  study  of  this  reaction  naturally  led  me  to  try  that  of  tri- 
meth\ Ipliosphine  on  the  bromide  of  hronirthylated  triethylphos- 
phonium,  which  I  had  a  ri<^ht  to  expect  would  thus  he  converted 
mto  the  dibromide  of  ethyleue-trimcthyl-triethyldiphosphouium  : 

Action  of  TaxMBVHYLFBosFttfvc  ok  Broxibb  of  Bbohbtbyl- 

TBIBTHTLFBOSFHONIUM. 

These  two  bodies  act  upon  each  other  with  the  greatest  energy^ 
and  moreover  exactly  in  the  manner  indicated  by  theory.  The 
resulting  compound  was,  of  course,  examined  only  as  fiur  as 
neoessary  to  establish  the  character  of  the  reaction.  The  bromide 
of  the  hybrid  diphosphonium  is  more  8olu))Ie  than  the  similar 
diphosphonium- com  pound  previously  described,  which  in  other 
respects  it  greatly  resembles.  Oxide  of  silver  eliminates  tha 
extremely  caustic  base, 

C  IT  p  o  =t(^«^*)^^^3)3(^s^^s)s?3]")  o 

which  yields  with  bydrochlorio  add  and  diohloride  of  platunom,  a 
pale*yMk»w  platinum-salt^ 

C„H„P,IV31,  =  [(CaHO'-J^-' "ij^pj  "Cl»  «PtCV 
crystallizing  in  scales  from  boiling  water. 
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The  salts  of  the  hybrid  diphosphonium  crystallize  like  those  of 
the  oorrespoudiiig  hezethylatod  oompoand,  but^  as  fur  as  they  hare 
been  exammed,  are  somewhat  more  tokible;  this  remark  applies 
especially  to  the  di-iodide. 

It  seemed  worth  while  to  try  whether  the  bromide  of  hrometbj- 
lated  triethylphosphonium  Avas  capable  of  fixing  a  molecule  of 
phospJioretted  hydrogen,   I  founds  however^  that  the  two  bodies  do 

not  act  upon  one  another.  Phosplioretted  hydrogen  gas,  passed 
throngli  tlic  alcoholic  solution  of  the  bromide,  either  cold  or 
boiling,  did  not  seem  to  affect  it  in  any  way. 

Action  op  Dibeomids  op  Ethtubne  on  Taim£VHTi.p0O8fhivs. 

This  reaction  exhibits  a  repetition  of  all  the  phenomena 
observed  in  that  whicli  takes  place  between  the  dibromide  and 
triethylphosphine.  The  procejas  is  completed,  if  possible,  eten 
sooner  than  in  the  ethyl-sories.  The  lower  boUing-poiiit  and  over* 
powering  odour  of  the  trimethylphosphine  render  it  advisaUe  to 
mix  the  materials  with  considerable  quantities  of  alcohol  or  ether  j 
moreover,  on  account  of  <lie  extreme  oxidability  of  the  phospborna* 
compound,  it  is  necessary  to  operate  in  vessels  filled  with  carbonic 
acid  and  immediately  sealed  before  the  blowpipe.  After  digestion 
for  a  short  time  at  100°,  the  mixture  of  the  two  liquids  solidifies 
to  a  hard,  dazzling  white^  crystalline  mass,  containing  the  two 
bromides, 

C.H„PBr,  =  [(CaH^Br)(CH,),P]Br,  and 

one  or  the  other  predominating,  according  to  the  proportions  ui 
which  the  two  bodies  were  allowed  to  act  upon  one  another. 

It  is  not  difficult  to  establish  by  numbers  the  formation  of  these 
two  bodies. 

Bromide  of  BromethyUtrimethylpho»phonium. — When  a  adutklB 
of  trimethylphosphine  in  absolute  alcohol^  mixed  with  a  very  Iwg* 
excess  of  dibromide  of  ethylene,  is  exposed  fat  some  hours  to  s 
temperatore  of  firom  W  to  60°,  the  liquid  on  cooling  deposits 
well  formed  crystals.  It  is  desirable  not  to  pass  this  temperature; 
at  the  boiling  point  of  water  the  mixture  turns  brown,  m  cons:- 
qnence  of  secondary  reactions.  One  or  two  crystallizations  from 
pbsolutc  alcohol  render  the  crj^stals  perfectly  pure;  tbcy  exhibit 
in  this  state  the  chemical  and  physical  characters  of  the  corres- 
ponding ethylatcd  body^  possessing,  however,  a  different  cryst^Uio^ 
form. 

The  foimula  is 

C,H„PBr,=  [(C,H«Br)(CHs),P]Br. 
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Platimtm*9alt — ^This  is  easily  formed  hy  ireatipg  tbe  bromide 
with  diloride  of  silrer,  when  a  crystallixable  chlori&  is  produced^ 
whicli  yields  willi  dicUoride  of  platintim  splendid  orange-jellow 
needles,  containing 

C,H„PBrPtCl,  =  [(C,H4Br)(CH5),P],PtCl,. 

I  have  already  mentioned  that  the  bromide  of  brometbyl-trime- 

thylpliosphonium  crystallizes  differently  from  the  bromide  of  the 
ethylated  body.  Whilst  the  latter  is  obtained  in  rhombic  dode- 
cahedroDSj  the  methylated  bromide  affects  forms  belonging  to  the 
trimetric  system.  Quintino  Sella  has  made  the  following 
examination  of  this  compound: — 

Fig.  5L* 

"  System  trimetric 

100,  110  =  60°  24'; 
001,  101s  22^  ^. 

Fonns  obaenred : — 

100,  010,  001,  110,  211  (i!ig.54). 


Combinations  obierved: — 

100,  010,  001;  110  (Kig.65). 
100,  010,  001;  110,  211  (Fig.  66). 

110,  001;  100  (Fi-  57). 
•    110,  001:  100,  010,  211  (Kg.  58). 
001,  010,  211  (Fig.  59). 


Fig.  66.  728:66. 


•  The  figures  are  numbered  coustcuti%oly  with  those  in  Dr.  Hofasnn*!  formw 
piper  on  the  PhospUonui  Baocs,  Vol.  XIV,  p.  73* 
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Fig.  57. 


Fig.  58. 


Fig.  59. 


The  crystals  are  generally  tabular,  as  in  the  above  figures; 
sometimes,  however,  they  are  elongated  in  the  direction  |j6oit 
and  then  the  faces  are  most  unequally  devdoped.  Figs.  60  and 
61,  and,  again,  Figs.  62  and  63  exhibit  two  very  lemaikaUe 

crystals  of  this  kind. 

The  faces  of  the  form  2  11  arc  gene- 
rally very  unequally  doveloped,  and 
some  arc  actually  Av;iiitin<;.  In  the 
crystals  Y\'^^.  (»()  and  Gl,  and,  airnin. 
Figs.  62  and  (j.'3,  only  two  out  ot  the 
eight  faces  211  were  well  developed. 
The  six  others  were  wanting,  or  could  f  1 
but  just  be  traced. 


Fig.  60. 


Fig.ei. 


Fig.  62. 


Fig.  68. 


;  t 


ij 


Tlie  lustre  of  the  faces  0  0  1  is  glassy,  or  even  pearly.  The 
lustre  of  the  other  faces  is  less  marked,  and  more  fatty. 

Cleavages  0  01  easily  obtained  and  rather  perfect;  110  easuf 
obtained,  but  fibrous. 

The  axes  of  optical  elasticity,  in  the  order  of  magnitade,  W 
[00 IJ,  [100],  [O10].« 

COMFOVNDB  OF  OXETHTL-TMHETRTLPHOSPHONIUM. 

The  liquid  filtered  from  the  sulphide  of  platinum,  ia^tli6 
analyses  of  the  platinum-salt  of  bromethyl-trimethylphosphoiriutoj 
yielded  by  evaporation  the  extremely  soluble  and  deliquescent 
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chloride.  This  salt  has  not  been  analysed  i  but  I  have  tran»» 
formed  it,  hf  oxide  of  ailTer,  into  the  oomaponding  mthyjated 
compound, 

C.H„PO,=  [(W)(CHJ,P]Jo 

The  canatic  liquid  is  convcrtecl  by  hydrochloric  nrid  into  the 
easily  soluble  chluride  currespomllng  to  the  hydrate ;  this  chloride, 
treated  with  dichloride  of  platinum^  yields  the  platinum-salt  of 
oxethylated  trimethylphosphooiam,  which  crystallises  in  octohedra, 
like  the  corresj[K)nding  ethyl-comuound,  but  is  distinguished  from 
the  latter  by  its  extraordinary  solubility  in  water.  It  was  found 
to  oontaint 

C,Hi,PO  PtCla  =  [(C,H,0)(CH3)3P]C1,  PtCl^. 


Salts  of  Ethylene-hexmethvl-diphosphonium. 

Dibromide. — This  salt  is  formed  when  dibroniidc  of  ethylene  is 
treated  with  an  excess  of  trimethylphosphine.  The  reaction  is 
rapidly  accomplishtd  at  the  temperature  of  boiling  water.  The 
salt  resembles  the  dibromidc  of  the  ethyl-scries  in  its  properties. 
It  is  extremelr  solnbl^  and  was  only  once  obtained  in  well- 
defined  crystals,  which  were  analysea  and  determined.  Many 
efforts  were  made  to  i^odnoe  these  well-lbtmed  ciystals  a  second 
time,  bnt  without  success.  Formula: 

C,H„P,Br,«  [(C.H«r }^  jJj^P]  'b,^ 

The  f<dlowing  are  the  details  of  Sella's  csrystallographical 
determination 

System  monodinic 
100,  101,=:ir45';  101,  001««0"4';  010,  lll«5r47'. 


fig.  S4.  T%.  es. 
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The  face  i  0  1  lias  not  been  directly  obsci  vedj  but  was  found  to 
be  a  cleayage.   There  is  also  another  cleavage  0  0  1^  as  distinct 

and  easily  obtained  as  1  0  1.'' 

The  dibromide  of  hezmethylated  ethylene-diphospkoniam^ 
treated  with  oxide  of  silyer,  yields  the  corresponding  hydrate, 

C  IT  P  O  —  LiP^^y  ^^^J^ii  'lo 

which  forms  with  acids  a  series  of  salts  resembling  the  corres- 
ponding ethyl-conipoiuuls.  Of  theso  I  liave  briefly  examined  the 
di-iodidc  and  the  platinum-salt. 

Di'iodide, — The  base,  neutralized  with  bydriodic  aeid^  furnishes 
a  salt  crystallised  in  difficultly  soluble  needles,  surpassing  in  beautj 
the  corresponding  body  in  the  ethyl-series. 
Formula : —  « 

Platinwn*8iUL — This  is  an  apparently  amorphous  precipitate, 

which  is  nearly  insoluble  in  water,  dissolves  ^nth  extreme  slowneas 

in  boiling  hydrochloric  acid,  and  separates  therefrom  on  cooling 
in  golden-yellow  lamime,  very  much  like  tho&o  of  the  platinum- 
salt  of  the  hybrid  ethylene-trimethyl-triethyl-diphosphomum.  It 

consists  of 


Seriks  or  Mixed  Diatomic  Bases. 

Tlie  investigation  of  the  intimate  relation  whicli  unites  tlio 
bromctbylated  monophosphonium  with  the  cthylene-diphospho- 
nium-oomponnds,  together  with  the  establishment  of  the  easy 
transition  from  the  monatomic  to  the  diatomic  series,  naturally 

suggested  the  idea  of  suhjccting  the  bromethylated  bromide,  which 
forms  the  starting-point  of  the  whole  investigation,  to  the  action 

of  vionamhca,  ruonar.vncs,  nnd  monosiilj/nes,  in  the  expectation 
that  diatomic  bas.  s  would  be  fonncd  cuntaining  nitrogen,  arsenic, 
aud  antimony,  side  by  side  with  phosphorus,  nnd  criuivalent  to  it 
in  chemichi  value  and  cliaracter.  How  far  this  expectation  has 
been  reaMzed  may  be  seen  from  the  following  experiments. 
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PflOBPHAMMONIVM-CoMPOVNDi. 

Action  of  Ammonia  on  Bromide  of  Bromethyl-triethylphosphonhtnK 

In  alcoliolic  solution,  these  two  bodies  act  upon  one  another  nt 
ordinary  temperatures,  the  reaction  hcmg;  indicated  by  consider- 
able evolution  of  heat.  To  ensure  complete  transformation,  the 
mixture  is  digested  at  100°  for  half  an  hour  in  sealed  tubes.  Ou 
evaporating  the  alcohol  and  the  excess  of  ammonia,  there  remains 
an  extremely  deliquescent  saline  masSi  which  crystallises  with 
difficulty.  To  remove  small  quantities  of  ammonia  which  may  be 
present  in  the  form  of  bromide  of  ammonium,  the  solution  of  the 
saline  residue  is  treated  with  exress  of  oxide  of  silver,  whereby  a 
strongly  alkaline  liquid  is  set  free,  which  may  be  digested  on  the 
water-bath  without  decomposition,  so  that  traces  of  ammonia  arc 
easily  driven  off.  Further  investigation  showed  the  presence  in 
the  caustic  alkaline  liquid  of  a  base  containing  both  phosphorus 
and  nitrogen,  viz.  the  hydrate  of  ethylene-triethylphosphammoninmj 

The  reaction  between  the  bromethylated  monophosphonium  and 
ammonia  had  therefore  taken  place  exactly  as  might  have  been 
expected  from  the  behaviour  of  the  former  compound  with  the 
monophosphiucs : 

[(C3H,Br)(C,H,)3P]Br  +  H3N  =  [(C,HJ"(^2]]«)3Pj  Br,. 

I  have  fixed  the  oomposition  of  the  nitrophosphoretted  base  by 
the  analysis  of  the  platinum-salt  and  of  the  gold>salt. 

Platinumsali. — On  saturating  the  alkaline  hydrate  with  hjdro* 
chloric  acid  and  adding  dichloride  of  platinum,  a  very  voluminous, 
pale-yellow,  sHghtly  crystalline  precipitate  is  obtained,  which  is 
difficultly  8olu])le  in  boiling  water,  and  also  in  boilinp^  concentrated 
hydrochloric  acid.  The  acid  solution  deposits  wcll-lormed  pris- 
matic crystals.  The  crystalHzation  from  concentrated  hydrochloric 
acid  is  necessary  to  ensure  the  purity  oi  the  product ;  it  appears 
that  the  direct  precipitate  contams  an  admixture  which  remains 
dissolved  in  the  acid. 

Analysb  led  to  the  formula 

CeH„PNPt,C^  =  [(C,HJ"(^a^6)^]  '  Cl^p2PtCl^ 

Some  of  the  crystals,  obtained  on  slowly  cooling  a  boiling 
solution  in  concentrated  hydrochloric  acid,  were  suflieientiv  well- 
formed  to  enable  Q.  Sella  to  examine  them  crystallographically. 
He  has  communicated  to  me  the  following  description  r-^- 
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100,  1 10s 59^  60^1  001,  lOlatTQ^SS". 

100,  110,  lOl.  010  (Fig.  66). 


Fig.  69.  mg.  if.  918^ 


Combiuatious  observed: — 

100,  110,  101  (Fig.  G7). 
100,  110,  101;  010  (Fig.  68). 

Cleavage  010  imperfect. 

The  facts  101  are  dull,  the  others  brilliant.  The  crystals  are 
optically  negatiYe*  The  medium  line  is  porpeudicidai  to  10  0, 
aud  the  plane  of  the  optical  axea  is  parallel  to  0  0 1.  external 
angle  of  the  optical  axes  appears  to  he  about  60^. 

Hardness  greater  than  that  of  gypsum.*' 

Gold'^aU. — The  solution  of  the  dicbloride^  which  is  obtained  by 
treating  the  crystallized  platinum-Bnlt  with  hydsoaulphuriQ  aod, 
yields  with  trichloride  of  gold  a  goldcn-ycUow  precipitate  oon- 
sistinpj  of  fine  needles,  which  fire  difScultly  soluble  in  water. 

The  formula  of  the  salt  is 

C,II^PNAu,Cl8=  [(C,HJ"(^2H5)3PJ  "cijp2AuCl3 

The  analyses  of  tlic  platinum-salt  and  of  the  gold-salt  sufficiently 
fix.  the  composition  of  the  series  of  diatomic  phosphammonium- 
compounds.  I  have  prepared  some  of  the  simple  salts  of  this 
nitrophosphoretted  metal,  especially  the  dichloride,  the  dibromide 
and  the  di-iodide.  Th^  all  crystallia^  pretty  well,  although  they 
are  in  general  more  soluble  and  less  staUe  than  the  diphos- 
phonium.salts.  The  dipeiddorate  is  rather  cUfflculijly  soluble,  and 
crystallizes  with  facility.  These  salts  have  not  been  analyzed. 
The  free  base  likewise  resembles  the  hydrate  of  the  diphosphonitiml 
Its  solution  is  powerfully  alkaline,  and  precipitates  from  moat 
metallic  stilts  the  hydrates  of  the  metals.  The  solution  of  tlio 
base  may  be  concentrated  on  the  water-bath  without  ln««g 
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ammonia;  addition  of  potassa  to  the  residuary  liquid  separates 
the  hydrate  iii  oily  drops^  which  redissolvc  wheu  mixed  with 
water. 

The  peculiar  conatraction  of  thia  body  induced  me  to  examine 
ita  deportment  under  the  influence  of  heat.  The  anbatitiition 
being  limited  to  5  equivs.  of  hydrogen,  the  queation  arose  whether 
the  hydrate  could  be  diatilled  in  the  form  of  a  phosphamine  of 
the  formula 

(C,H,),  VPN. 

Experimeut  showed,  however,  that  the  base  cannot  be  volatilized 
without  entire  decomposition ;  the  product  of  distiUatiou  no  longer 
containa  a  trace  of  the  original  body.  Ammonia  ia  abundantly 
evolved  daring  the  distillation,  and  at  a  certain  atage  of  the 
proceta  the  reaidue  contains  the  hydrate  qf  vinylated  iriethifl- 
pho^honmm, 

[(C.Il«)-'(C.IIJ,H.P.Vi;j  0,=  H,N  +  H,0  + 

I  infer  this  fruni  the  analysis  of  an  iodide  obtained  by  neutralizing 
Avith  liydriodic  acid  the  mixed  base  which  had  been  heated  for 
some  time.  Thia  salt  was  exceedingly  soluble  in  water,  and  even 
in  absolute  alcohol;  it  was  precipitated  from  the  latter  by  addition 
of  eAer,  and  fbund  to  contain 

CsH,8H«[(C,H3)  (C,ll,)3r]I. 

The  mother-liquor  of  this  salt  was  freed  from  excess  of  silver  and 
precipitated  by  trichloride  of  gold.  The  yellow  needles  thu9 
obtained  were  found  to  be  the  corresponding  gold-salt 

c,  II  „  p  Aaa«  -  [(c,n,)  (c.iij,  p]  ci,  Au  a. 

The  deportment  of  the  bromethylatcd  bromide  under  the 
iiUiueuce  of  ammonia,  opens  an  almost  unUmited  series  of  diatomic 
nitrophosphoretted  metala.  It  ia  caAy  neeessaiy  to  replace  in  the 
above  reaction  the  ammonia  by  a  monamine,  in  order  to  obtain  a 
new  Btetal  of  almost  any  composition  that  oonld  be  desired.  I 
have  produced  a  few  bodies  of  this  description,  in  order  to  establish 
expenmentally  the  relations,  which  theory,  testing  on  the  oba^rva- 
tions  in  the  ammonia-reaction,  sufficiently  suggerts. 
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Action  of  Mjcsuylamine  on  the  Bromide  of  B&ometuyl- 

tbiethylphosfhom  lum. 

COMPOITNDS  OF  ETHTLENB-KBTHTL-TEIBTHTLPHOSPBAMMONnni. 

Eepetition  of  all  the  phenomena  observed  in  the  experiment 
with  ammonia.   Both  substances  unite  on  digestion, 

[(Ca  II,  lir)  (Ca  115)3     Br  +  (C  II3)  H^N^ 


and  the  compom:id  yields^  on  treatment  with  oxide  of  silver,  the 
caustic  base 

C,     P  N  0.=       HJ"  (C  H J  (C.  HJ,  H.  P  N]""^ 

I  Lave  been  satisfied  to  fix  the  composition  of  this  body  by  the 
analysis  of  a  rather  difficultly  soluble  platinum-compoundj  crystal- 
lizing from  boiling  "water  in  splendid  needles,  freqnently  an  inch 
in  longtli.  T  did  not  succeed,  however,  in  obtaining,  either  from 
boiling  water,  or  from  boiling  hydrochloric  acid,  crystals  which 
could  have  been  determined. 
Formula : 

C,  P  N  Pt,  CI,  =  [(C,  H,)"  H^s^^  P]  "ci^  2  Pt  CI, 
Action  or  Etetlaminb  on  tbb  Bbomidb  or  Bbokbtotx.- 

TBIBTHTLPBOeFHONIVX. 

Compounds  of  Ethtlene-tetbbthylfhosphammonium. 

The  two  bodies  unite  with  evolution  of  heat.  Since  the  salts 
of  the  new  phosphammonium  crj'stallize  very  beautifully,  I  have 
not  been  able  to  resist  the  temptation  of  examining  several  of 
them  s<nn(^\vhat  more  minutely. 

Plafiiiinn-mlt. — The  crude  product  of  the  reaction,  purified  with 
oxide  of  silver  and  saturated  with  hydrochloric  acid,  furnishes,  on 
addition  of  dichloride  of  platinum,  an  orange-yellow  platinum . 
compound,  crystallising  in  needles  very  similar  to  those  of  the 
methyl-compound  above»describcd.  The  salt,  recrystallized  from 
boiling  water,  has  the  composition 

C,.H„PNPt,Cl.=  [(C,  H,)"  ^  Hfii,J]"cit.mCl^ 

Q.  Sella  has  determined  the  crystalline  form  of  this  beautiful 
salt. 
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"  System  monoclinic 
100,  101  =  43°35';  1 0 1,  0 0 1  =  43°  17';  1 1 1,  0 1 0  =  55<'36'. 
forms  observed 

100,  001,  110,011  (Fig.69]. 

Combinatioiis  observed 

110,  Oil  (Fig.  70). 

110,  Oil,  001  (Fig.  71). 

110,  Oil,  001,  100  (Figs.  72,  78). 


Fig.  60.  Fig.  70.  Fig.  71. 


The  crystals  are  hemibedral:  the  faces  001  and  100  have 
their  parallels,  bat  of  the  four  finoes  of  the  forma  110  and  Oil 
only  two  were  observed  with  their  eorresponding  parallels. 

All  the  crystals^ ejounined  exhibit  the  faces  1 1 0,  T 1  0,  and  the 
faces  Oil,  Oil  (Figs.  70^  71,  and  73).  In  a  single  crystal 
(Fig.  72)  the  faces  110,  110,  and  the  faces  Oil,  Oil  were 
obaenred*  It  is  evident  that  the  ciystahi  Eiga.  72  and  78  are 
symmetrical  but  not  super posible. 

The  crystals  frequently  exhibit  the  habitus  of  triangular  tables 
(Figs.  72  and  78) ;  sometimes  they  are  tetrahedrons  (Fig.  70),  or 
bevelled  tetrahedrons  (Fig.  71). 

The  faces  are  very  brilliant  but  very  often  rounded,  so  that 
they  are  apt  to  yiuid  many  images  and  a  great  diilerence  in  the 
angles. 

The  plane  of  polarhation  is  not  altered  if  the  Jight  passes 

through  the  feces  001,  OOl  and  the  faces  100,  100  in  the 
direction  [010], 
Colour  orange-red. 

VOL.  XIV.  8 
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The  minuteness  of  the  crystals,  and  the  difB^iiLiy  of  fixing  them 
on  aocoont  of  their  hemihedral  form,  has  prevented  me  firom 

finding  their  cleavages." 

Gold-salt. — Golden -yellow,  difficultly  soluble  needles,  Tvliich  may 
be  recrystallized  from  noiliTig  wik^  mthout  decomposition. 

Analysis  led  to  the  formula 

C.,U^Px\Au,Clg  =  [(C,H,)"  [cjS^^Hji]  Cl>.2AuCl3. 

Di'iodide. — Tt  was  prepared  from  the  recrj^stallized  platinum- 
salt  by  treatmeut  with  sulphuretted  hydrogen,  decomposition  of 
the  Faulting  dichloride  by  oxide  of  silver,  and  nentraUEation  of 
the  liberated  base  vith  hydtiodie  add.  White  acicular  crystala^ 
eitremelj  soluble  in  vater,  but  not  deliquescent,  likewise  Tery 
soluble  m  spirit  of  irine,  difficultly  soluble  in  absolute  aloobo^ 
insoluble  in  ether.  From  the  alcoholic  liquid,  the  salt  is  precipi« 
tated  by  ether  in  the  crystalline  state.  From  the  aqueous  aolation, 
the  iodide  separates,  on  addition  of  potassa,  in  the  form  of  oily 
globules,  which  gradually  solidify  with  crystalline  structure. 

Formula : 

-  Tlie  caustic  base,  which  corresponds  to  the  iodide,  is  readily 
obtained  by  oxide  of  silver.  It  presents  considerable  stability^ 
and  may  be  evaporated  on  the  water-bath  until  it  separates  in 
heavy  oily  globules.  Here  again  the  action  of  heat  might  have 
given  rise  to  the  formation  of  a  volatile  phosphamine 

(C,II,)" 

capable  of  reproducing  the  salts  from  which  it  was  derived.  But, 
exactly  as  in  the  case  of  the  compound  formed  by  the  coalescence 
of  triethylphosphinc  and  ammonia,^di8tiUation  destroys  the  base. 
The  deportment  of  this  substance  under  the  influence  of  hdit  is 
characteristic;  its  study  cannot  Ml  to  assist  in  the  general 
eluddatidli  ot  the  constitution  of  this  class  of  bodies.  I  may,  in  a 
subscqneiit  inquiry,  find  an  opportunity  of  returning  to  this 
question. 


Both  methvlamine  and  ctlivlamiTio  })vh\'r  nrimarv  monammes, 
I  have,  in  conclusion,  sul)mitted  the  bromcthylated  bromide  to 
the  action  of  a  secondary  base,  viz.  diethylamiuc,  and  lastly,  of 
some  tertiary  bases,  viz.  tiimethylamiue  aud  tricthylaminc. 
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Action  or  Dikthylami^e  on  the  Bromide  op  BaombthyL" 

Triethylphosphonium, 

CoiiiftiiiiiiM^  ok  SrHTLBNA-rsNnsTaTLPHosPHAii MONiuit. 

The  reaction  is  similar  to  that  bf  ethylaminc ;  the  resulting 
product  conveniently  treated,  yields  a  splendid  platinum-salt 
crystallizing  in  rectangular  plates,  which  contain 

C„Il3„PNPt,Clg  =  t(C,HJ"j^^»j3jj^]  "ci.  2ttCl^ 


Action  of  T&imetbylamixe  on  the  Bromidb  of  BtiOMBTHTi.- 

TEISTHYIiFHOSFHONIUM. 
ETHTLBNB-TBtMETHTL-tBIBTBTLPHOSraAMUONtVM-COMPOUNDS. 

As  to  the  preparation  and  piopcrtics,  I  may  refer  to  the 
preceding  paragraphs.  The  platinum-salt  crystallizes  in  beautiful 
needles,  of  the  composition, 

tJ„fl^PNl»t,Cle=  [(C,HJ''|2i^^5^|^J  "ci^gPtCI,. 

The  examanatipB  o^  ikis  componnct  has  induced  me  to  perform' 
an  experiment  which  may  iicre  be  briefly  mentioned.  The  action 
of  trimethylamine  on  dibroraide  of  etliyleue  gives  rise  to  the 
formationof  a  oeautifully  crystallizx-d  salt,  the  bromide  of  bromethyl- 
trimethylammonium,  of  uhicli  I  have  already  published  a  slight 
slietch  in  the  '  Proceedings  of  the  Royal  Socicty^*  T  was  curious 
to  ascertain  whether  the  dibromide,  generated  by  the  union  of 
inmethijlamiffc  \\\th  the  bromide  of  hromQthyUh'iethyl-phoS' 
phonium,  could  likewise  be  formed  by  feubmitthig  the  bromide  of 
Wfmf^hyl'tHmethplammoniujn  to  the  action  of  friethijlphospMne : 

[(C.H^Br)(C^»Hj3P]Br  +  (CH,)3N  =  [(CjH^Br)  (CH.),N]Br  + 

The  bromide  of  bromethylatcd  trimethylammonium  is  indeed 
readily  attacked  by  triethylphosphibe,  but  the  change  is  very^ 
different  from  uhut  I  had  expected.  I  intend  in  another  paper  to- 
return  to  the  prodacts  of  tins  reaction. 

Before  leaving  the  history  of  the  phosphammoninm-compounds, 
I  have  briefly  to  allude  to  a  peculiar  deportment  of  the  bromethyl- 
ated  bromide*   When  treating  this  compound  with  trietbylamine, 

*  Proceedi]ig8oftb«BoyalBoci«ty,ToLiz.p.m 

z  ^ 
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instead  of  trimethylamine,  expec  ting,  of  course,  to  observe  a  r^e- 
tition  of  the  phenomena  so  frequently  witnessed,  I  wm  snrpnsed 
to  find  that  these  snhatanoet,  although  acting  with  oonaideniliile 
euatgf,  fidled  to  produce  the  anticipated  pho8phammoiuiim«4X>iii- 
poond.  This  unforeseen  result  induced  me  to  examine  this  reaction 
repeatedly  and  with  particular  care.  The  result  remained  the 
same.  On  erapoiating  the  alcoholic  product  of  the  reaction,  and 
treating  the  concentrated  solution  with  oxide  of  silver,  a  power- 
fully alkaline  liquid  remained,  even  after  the  expulsion  of  the 
triethylamine,  considerable  quantities  of  which  were  liberated. 
This  residuary  alkaline  liquid,  saturated  with  hydrochloric  acid, 
yielded,  on  addition  of  dichloride  of  platinum,  the  beaiitital 
octohedra  of  the  oxetkylated  tiicthylphosphonium-platinum-salt, 
which  was  identified  by  analysis. 

[(CJI^Br)  (02115)3?]  Br  +  (C2H5)3N  +  H^O  = 
[{C,lip){C,U,),V]Br  +  [(C,H5)3HN]Br. 

This  equation  involves  the  intervention  of  water  in  the  reaction , 
which  was  obviously  furnislied  by  the  imperfectly  de-hydrated 
alcohol  used  in  the  experiments.  In  the  anhydrous  state,  the 
bromethylated  bromide  and  triethylamine  scarcely  act  at  100°; 
between  120°  and  130°,  a  reaction  takes  place,  among  the  products 
of  which^  as  yet  very  impeirfeody  examined^  I  was  lULewiae  unable 
to  trace  the  presence  of  a  phosphammonium-like-oompouiid.  It 
can  Bcaroely  be  doubted  that  this  reaction  gives  rise  to  the  forma- 
tion of  bromide  of  viny  l-triethjlphosphonium : 

[(C,H,Br)  (C,H,)3P]Br  +  (CoHJ^N  «  [(C.Ha)  (C,Hj3P]Br  + 

[(CaHJaHNJBr. 
Experimentally  the  question  remains  undecided* 


The  elegance  and  preciaion  with  which  the  bromethylated 
bromide  fixes  the  elements  of  ammonia  and  of  the  monamines^ 

very  naturally  suggested  the  idea  of  examining  the  deportment  of 
this  body  imder  the  influence  of  diamines  and  triamincs.  Tlic 
results  ootained  in  these  experiments  do  not  belong  to  this  pai-t  of 
the  inquiry.  vSuffice  it  to  say  for  the  present,  that  tlicse  sub- 
stances attack  the  bromide  with  the  utmost  energry,  ^iviiij^  rise  to 
an  almost  unlimited  number  of  polyatomic  bases  of  a  higher  order, 
the  constitution  of  which^  though  complicated,  is  traceable  iu 
advance  by  the  experience  a<^uired  in  the  simpler  fonna  of 

Phospraksonium-Comfoun  ds. 

There  was  no  necessity  for  entering  into  a  detailed  examination 
of  this  class  of  compounds.    I  have  in  fact  been  satisfied  to 
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establisbj  by  a  few  cliaracteriatic  numbers,  the  existence  of  the 
pbospharsonium-groap. 

Action  of  Taisthylarsine  on  the  Bromidb  or  BsoMBTirni* 

T&1£TH  YLFB08FH0NIUM . 

On  digesting  the  two  substances  in  sealed  tubes^  the  usual 
pbeuomena  are  observed.  The  saline  mass  which  is  formed  yields, 
by  treatmeut  with  oxide  of  silver  in  the  cold,  a  powerfully  alkaline 
solution,  containing;  the  dUiydrate  eikylene-kexethyJ^hotphar' 
sonium, 

C«H3^A.O,-  t(W"(C.HJ.PAsrj 

It  is  thus  obvious  that  arsenic-base  imitates  triethylphos- 
pliinc  in  its  deportment  with  the  bromethylated  bromide.  The 
two  substances  simply  combine  to  form  the  dibromide  of  the 
phospharsonium. 

The  alkaline  solntion  of  the  hydrate  of  the  phospharsonium 
exhilnts  fhe  leading  characters  of  this  chiss  of  bases ;  I  may  there- 
fore refer  to  the  detailed  account  which  I  bays  given  of  the 
hydrate  of  the  diphosphonium.  The  saline  compounds  likewise 
resemble  those  of  the  diphosphonium.  The  dichloride  and  the 
di-iodide  were  obtained  in  beautiful  crystalline  needles,  exhibiting 
a  marked  tendency  to  form  well-crystallized  double  salts.  1  have 
prepared  the  compounds  of  the  dichloride  with  chloride  of  tin, 
bromide  of  zinc,  trichloride  of  gold,  and  lastly,  with  dichloride  of 
platinum.  The  latter  compound  was  analysed  in  order  to  fix  the 
composition  of  the  series. 

Platinum-salt. — ^The  product  of  the  reaction  of  triethylarsine 
upon  the  bromethylated  bromide  is  treated  with  oxide  of  silYer  tn 
the  cM,  and  the  lUkaline  solution  thus  obtained  is  saturated  with 
hydrochloric  acid,  and  precipitated  with  dichloride  of  platinum. 
An  exceedingly  pale  yellowish,  apparently  amorphous  precipitate 
of  marked  diphosphonic  appearance  is  thrown  down,  almost  inso- 
luble in  water,  T)ut  dissolvinp^  in  boiling  concentrated  hydrochloric 
acid.  The  hydrochloric  solution  deposits,  on  cooling,  beautiful 
orange-red  prisms,  resembling  the  crystals  of  the  corresponding 
di)  hosphonium-platinum-salt. 

Formula: 

Quintino  Sella  has  examined  the  crystals  of  the  phosphar- 
sonium-platinum-salt.    I  append  the  results  of  his  observations. 
"  System  triclinic  : — 

100,  010  =  81°  52';   100,  001=  88°  U'; 

0  10,  001  =  89°    9';  100,  111  =  120°  18'; 

010,  lll  =  &i°  4'. 
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Fornw  obMfcved : — 

100,  001,  010,  on.  In,  021  (Fig.  74). 
Ck)mbmations : — 

10  0,  010,  0  01  (Fig.  75). 

10  0,  0  10,  0  0  1;  111  (Fig^  76). 

10  0,  010,  00  1;  111,  0  2  1 

100,  010,  001;  111,  021,  0^1  (Fig.  77). 


Fig.  74.  Hg.  75.  Fig,  76. 


Cleavajrrs  TOO  and  001:  distinct  and  easily  obtained.  The 
clcavajje  is  occasionally  observed  to  take  place  during  measuring, 
probably  in  consequence  of  the  heat  emanating  from  the  fare, 
which  ha»  to  be  brought  close  on  account  of  the  minuteness  of  the 
crystals. 

Hemitropic  etystalB  with  the  axis  of  hemitropy  [0  0 1]  (Fig.  78). 
It  was  possible  to  verify  by  measurement  that  the  axis  of  hemitropy 
is  really  [001],  and  not  a  line  perpendicular  to  one  of  ^e  ftoea 

of  the  crystal.'' 

The  phospharsonium-compounds,  and  more  especially  the 
hydrate  uf  the  series,  arc  far  less  stable  than  the  corresponding 
terms  of  the  tliphospiiouiuui-sorics. 

If  the  product  of  the  action  of  triclliylarsine  on  the  brom- 
cthylated  monophosphoninm  be  brnkd  with  oxide  of  silver,  instead 
of  being  treated  in  the  cold,  not  a  trace  of  the  phosphanoninm- 
oompovmd  is  obtained.  The  canstic  solution  which  is  Ibrmed, 
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yields,  when  saturated  with  liydrochloric  aeid  and  precipitated 
with  dicliloridc  of  platinum,  only  the  rather  soluble  octohedral 
crystals  of  the  oxcthylated  tricthylphosphonium.  The  nature  of 
this  transformation  is  clearly  exhibited  when  a  solution  of  the 
hydrate  of  the  pliospharsonium,  filtered  off  in  the  cold  from  the 
excess  of  oxide  of  siivei',  is  submitted  to  ebullition.  Immediately 
the  dear  liquid  is  rendered  turbid  from  separated  triethylarsine, 
whicli  becomes  peto^tibl^  moreQTer,  by  its  powei^  odour; 
ihe  sdntioii  now  contains  the  hydrate  fi  ox^yUted  trietbyl- 
phosphonium* 

[(C^«)  "((Vi.),PA|]"jo^     ^c^ii^^^^  ^  [(C,H.Q)(C^.),V]]p 

When  the  dibromide  is  boiled  with  the  oxide  of  silver,  a 
beautiful  silver  mirror  is  formed  on  the  sides  of  the  vessel, 
obviously  in  eousequeace  of  a  partial  oxidation  of  the  liberated 
triethylarsiue. 


Some  experiments  were  made  to  produce  a  diatomic  conq^nnd 
containing  phosphorus  and  antimony.  I  expected  to  form  this 
body,  the  dibromide  of  a  phosphostibonium,  by  tlie  action  of 
triethylstibine  on  the  bromethylated  bromide,  so  irequ(  ntly  men- 
tioned in  this  paper.  The  two  bodies  react  upon  one  another, 
but  only  after  protracted  digestion  or  exposure  to  a  rather  high 
temperatiu'e.  The  product  of  the  reaction  is  comulcx,  yielding  a 
comparatiyely  small  quantity  of  a  difficultly  soluble  platinum-salt 
of  diatOBiic  appearance.  I  have  repeatedly  modified  the  reaction, 
and  analysed  the  products  in  the  form  of  platinum-salts;  J  omit 
to  quote  the  detail  of  these  experiments,  since  they  have  failed  to 
disentangle  the  difficulties  of  the  reaction. 

Some  experiments  upon  the  deportment  of  dibromide  of  ethylene 
with  triethylarsine  were  more  successful.  The  reaction  between 
these  two  bf)dies  had  been  selected  as  a  subject  of  inquiry  by 
Mr.  W.  Valentin,  to  whom  I  am  indebted  for  valuable  assistance 
in  the  earlier  stages  of  these  researches.  Circumstances  have 
suDseciuently  prevented  Mr.  Valentin  from  carrying  out  his  plan, 
and  I  have  therefore  to  take  upon  myself  the  responsibility  for  the 
following  statements.  The  results  obtained  in  the  examination  of 
the  arsenic-compounds  are  by  no  means  absolutely  connected  wi^ 
the  study  of  the  phosphorus^bases;  neyertheless  I  may  be  permitted 
to  lay  them  before  the  Society,  together  with  the  account  of  the 
Gonresponding  reaction  in  the  pho^homs-seiriM. 
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MoVABSONnrU-COMPOVNOS* 

Action  of  Dibsomide  of  Ethylene  upon  Teiethylarsine, 

The  experience  gathered  during  the  exaininatioii  of  the  phos- 
^lonu-bodies  enabled  me  to  establish  the  nature  of  this  veadaon 
by  a  comparatively  small  number  of  platinum-determinations. 

Bromide  of  Bromethyl-triethylarsonium. — To  avoid,  as  far  as 
possible,  the  formation  of  the  second  product,  a  mixture  of  tri- 
ethylarsine  with  a  very  large  excess  of  dibromide  of  ethylene  was 
digested  in  sealed  tubes,  at  a  temperature  not  exceeding  50**  C. 
Notwithstanding  this  low  temperature,  the  tubes  invariably  con- 
taified  oompreaaed  gasee.  The  product  of  the  reaction  wee  treated 
with  water,  which  extracted  a  eolaUe  bromide  from  the  eth^itne- 
compoimd  unacted  upon.  On  eyapoiation,  a  beautifid  bromide 
was  left,  which,  being  copionaly  soluble  in  boiling,  and  sparin^y 
soluble  in  cold  alcohol^  could  be  readily  recrystallized  from 
absolute  and  even  from  common  alcohol.  In  water  this  sub  stance 
is  excessively  soluble ;  it  is,  therefore,  scarcely  crystallisabLe  fitom 
an  aqueous  solution. 

Analysis,  as  might  have  been  expected,  proved  this  salt  to  be 
the  analogue  of  the  bromethylated  triethylphoaphonium-salt.  It 
contains 

C8Hi«A8Bra=  [(C,H^Br)(CaH5)3A8]Br. 


The  bromide  of  bromethyl-triethylarsonium  can  be  obtained  in 
beautiful  crystals.  Their  form — the  rhombic  dodecahedron — ^is 
identical  with  that  of  the  corresponding  bromethyl-triethylpboa- 
phonium-compound,  which  the  crystals  resemble  also  in  ti^eir 
general  habitus.   They  were  measured  by  Q.  Sella. 

System  monometric. 
Forms  observed ; — 

110  (Fig.  79). 

No  influence  on  polamed  light/' 

Platinum-salt. — The  solution  of  the  previous  salt,  converted  by 
treatment  with  chloride  of  silver  into  the  corresponding  chloride, 
jnelds  with  dichloride  of  platinum  B})kiidid  needles  of  a  double 
salt,  diiricultly  soluble  in  cold  and  even  in  boiling  water, 
containing — 

CeHj^BrAfiPtCl,  =  [(CgH^BrjCCaHJ.AsjCl^PtCly 
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GomOUNDB  OV  YlNTX^TRIBraTLABflONIITH* 

The  bromide  of  bromethyl-triethylarsoniuin,  like  the  correspond- 
ing phosphorus- compound,  loses  its  latent  bromine  under  the 
influence  of  oxide  of  silver.  If  the  solution  of  the  bromide  be 
precipitated  by  an  excess  of  nitrate  of  silver,  one-half  of  the 
bromide  separates  as  bromide  of  silver;  the  clear  filtrate,  mixed 
inth  ammonia,  jiMb  the  second  ludf  of  the  bromine  in  the  form 
of  a  denae  precipitate.  NererthcleaB  the  reaction  difera  from  that 
observed  in  the  phosphorus-seriea.  The  bromide  of  the  brom* 
ethylated  phosphonium,  as  has  been  pointed  out  in  a  former  part  : 
of  this  inquiry,  is  almost  invariably  oonwted  into  an  oxethylated 
body,  its  transformation  into  a  vinyl -compound  bcin<^  altogcthrr 
exceptional.  The  bromide  of  the  bromethylated  arsonium,  on  the 
other  hand^  yields,  as  a  rule,  the  vinyl-body  of  the  series,  the 
formation  of  an  oxetliylatcd  compound  taking  place  only  under 
particular  circumstances;  in  fact  so  rarely  as  to  leave  some  doubt 
regarding  the  existence  of  this  term  of  the  series.  The  bromide 
of  the  bromethylated  anonium^  treated  with  an  eiEoeaa  of  oxide  of 
silyer^  yields  a  powerfully  alkdine  solationy  tiie  nature  of  whidi 
waa  determined  by  the  analysis  of  the  corresponding  platinum- 
salt.  Transformed  into  the  chloxide,  and  precipitated  by 
dichloride  of  platinum,  this  solution  yielded  beautiful  rather 
soluble  octohedrft  of  the  formula : 

H,8  As  Pt  CJ3  =  [(C,  H J  (C,  Hj)8  As]  Ci,  Pt  CI,. 

Go^Mft.-— The  chloride  obtained  in  the  analysis  of  the  plati-* 
nnm-salt,  gives  with  trichloride  of  gold  a  yellow^  difficultly 
soluble,  &uit]y  crystalline  precipitate  of  the  formula : 

Cg      As  Au  CI4  =        H3)  (Cj,  H^)^  As]  CI,  Au  CI3. 

Hieae  nanlte  abow  OuA  {he  tnniafimiuitMni  of  <he  brametLylated 
oomponnd  manes  aooording  to  tiie  fallowing  eqnation: — 

[(C^HtBr)  (C,H^,A.]  Bt  +       O  »  2AgBr  + 

[(C,H,)(C.H.)3As]) 

The  idea  suggested  itself  that  the  vinyl-compound  obtained  in 
this  ireaction  might  be  a  secondary  product  resulting  from  the 
decomposition  of  an  oxethylated  compound  of  limited  stability 
formed  in  the  first  instance : — 

[(C,H.O)  (C,HJ,  As])  0=  J}  O  +  "^«"»)  (C.HJ,^]J  Q 
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It  was  with  tlie  \iew  of  avoiding  this  decomposition,  that  in 
some  of  the  experiments,  the  digestion  was  accomplished  at  the 
common  temperature ;  the  result,  however,  showed  that  evcu  in 
lliese  oases  the  vinyl-compoimd  was  obtained. 

NeverdielesB  the  osethylated  bodjr  appean  to  exist.  Under 
circiimstaiiices  wliicii  were  not  sufiicieiiuy  veil  obseryed  aft  the 
time,  the  action  of  oxide  of  silver  upon  the  bromide  of  the  brom- 
ethylated  triethylaraommn  yielded  an  octohednl  platuanm-Milt 
with  the  platinum  peroentage  of  the  oxethylated  oompouad : 

[(Ca  li,  o)  (c,     M]  q,  Pt  ciy 


DiAKSONIUM-CotfPOUNDS. 

Dibromidc  of  Ethylene-hexethyl-^lMir9imium, — The  bromide  or 
cliloridc  of  the  bromctliylated  arsonium  is  but  slowly  acted  upon 
by  tricthylarsinc  at  100®  C.  Two  days'  digestion  at  that  tem- 
perature had  produced  hut  a  slight  impression;  at  150^  tbc 
reaction  is  accomplished  in  two  hours.  The  phenomena  now  to 
be  recorded  presented  themselves  in  the  succession  repeatedly 
observed  in  the  phosphorus-scries.    The  dibromidc 


yielded^  when  debrominated,  the  powerful  alkali 

Treated  with  acids,  this  alkali  prddoces  e  penes  of  fine  saltan 
amongst  which  the  di-iodide  deserves  to  be  mentioned;  it  equals 
in  beauty  the  oorresponding  diphosphonium-coropound.  I  hare 
fixed  the  composition  of  the  series  by  the  analysis<^the  platiniun- 
sait  ;ind  i^'old-salt. 

Plaliinim-saJt. — Pale  yellow  crvstolline  precipitate,  similar  to 
the  diphosphonium-compound,  dithcnltly  soluble  in  water,  soluble 
in  boiling  concentrated  hydrochloric  acid^  from  which  it  crystallizes 
on  cooling. 

i'ormula : 

Gold-salt, — The  dichloride  obtained  after  separating  the  plati- 
nnm  in  the  analysis  of  the  ulatinum-salt  by  means  of  sulphuretted 
hydzc^Sen,  was  precipitated  by  trichloride  of  gold.   Yellow  sligliti/ 


Digitized  by  Google 


H18TOKY  OF  TBB  FH08PHOBU8  BASKS,'  830 

crystalline  precipitiite,  soluble  in  hydrochloric  acid,  from  which  it 
separates  iu  golden-coloured  plates  of  the  composition, 

C„ll3,A.^u,Clg  =  [(C,H,)"jg^J[^3A8]"ci^2AuCl, 


Arsammonium-compounds, 

Bromide  of  bronu  tliylated  triethylanoniura,  as  might  have  been 

expected,  is  capable  of  fixiii*:;  ammonia  and  the  monamines,  ^ving 
rise  to  the  formation  of  a  series  of  compounds  not  less  numerous 
than  that  of  the  bodies  mentioued  in  the  phosphanuuoniuni-scries. 
I  have  been  satii^fied  to  study  the  action  of  ammonia  upon  the 
bromide. 

Dibramide  qf  Etkylene-iriethylartanmonium. — Beacticm  complete 
in  two  houn  at  lOCr. 
The  product  contained  the  bromide 

CgH^AsNBr,  =  [(C,HJ  "(^ag^^^A^]  Br,. 

which  was  converted,  by  means  of  oxide  of  silver,  into  the  stable 
caustic  base 

C.H^A.NQ.  =[(W'(C,H,),II,A»Nrj 

the  composition  of  this  base  which  was  determined  by  the  analysis 
of  the  platinnm-  and  gold-salts. 

Plaiimim'tait. — ^Nerales  difficidtly  aohible  in  boiling  water, 
soluble  in  boiling  concentrated  hydz|[)cUoric  acid^  from  which 
well-formed  aystais  «tt  deposited. 

Fcnnida: 

CeHaaAsNPtaCle  =  [CallJ^^^^gs^a^] '  Cl^p^PtCl^ 

Chld'ioU* — ^Yellow  compound  precipitated  from  the  dichloride 
obtained  in  the  analysis  of  the  platinum-salt,  on  adding  a  solution 
of  trichloride  of  gold.  Soluble  in  hydrochlorio  acid;  deposited 
from  this  solution  in  golden-yellow  plates,  containing 

GgH^AsNAuaCle  «  [(CaHJ  '^^^a^^l^As^  '  cyAuCl, 

I  have  also  made  a  few  experiments  on  the  action  of  dibromide 

of  ethylene  upon  tricthylstibinc.  The  renetion  is  slow,  and 
required  long-continued  digestion  at  temperatures  higher  than 
that  of  boiling  water.  The  tubes  invariably  eoiitained  much  gas, 
and  the  product  of  the  reaction  proved  to  be  an  inattraetively 
complex  mixture  of  several  compounds,  many  of  them  secondary. 
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irbich  by  no  means  invited  me  to  a  moie  minute  ezaminatkML  d 
tbis  pxooeiB.  I  omit  to  quote  the  few  platinnm-  and  chlorine- 
determinationB  which  weie  made,  linoe  they  do  not  admit  of  a 
simple  interpretation. 

In  performing  the  experiments  on  the  arsenic-bases  I  have  been, 
most  ably  assisted  by  my  iiopliew,  Dr.  P.  W.  Hofmann,  to  whom 
I  express  my  beat  thanks  for  his  active  co-operation  in  this  part 
of  my  inquiries. 


The  ezperimento  carried  ont  in  the  ethylene-8eries»  develope 
dearly  enough  the*  nature  of  the  diatomic  basesi  and  their  rdation 
to  the  monatomic  compounds.    I  have  worked  with  predilectioii 

in  this  series^  liccansc  the  accesibility  and  mauageaUeness  of  the 
material  greatly  facilitate  the  unravelling  of  the  often  complicated 
reactions.  There  conld  be  no  doubt  that  the  phenomena  ODserved 
in  the  ethylcne-scries  would  likewise  be  reproduced  in  other 
homologous  scries.  But  as  a  general  view  of  the  nature  of  this 
group  of  bodies  had  been  jrained  from  the  observatinns  recorded 
in  tlie  preceding  paragranlis,  it  appeared  scarcely  n  ecssary  to 
corroborate  the  results  already  obtained^  by  many  iurtlier  experi- 
ments, which  would  have  be^  more  or  less  mere  repetitions  of 
the  former.  Nevertheless  I  have,  in  certain  cases,  drawn  other 
groups  into  the  circle  of  my  observations.  Some  of  the  frag- 
mentaiy  vesolts  at  which  I  thus  arrived  I  will  here  briefly 
commnnicate. 

MBTHTUBNB-GhKOU?. 

In  another  place*  I  have  mentioned  an  experiment  made  in 
the  hope  of  converting  iodoform  into  iodide  of  carbon,  which, 
however,  yielded  nothing  but  the  di-iodide  of  methylene;,  die* 
covered  not  long  previovusly  by  Bout] crow.   As  a  considerable 

quantity  of  this  interesting  compound  (the  result  of  these  experi* 
ments)  was  still  at  my  disposal,  I  took  the  opportunity  of 
examining  more  particularly  its  behaviour  to  triethylphospliine 

and  the  ammonias  in  general. 

The  mcthylenated  derivatives  of  the  pbospliorus -bases  will  be 
more  eonveniently  examined  in  connexion  with  another  class  of 
coinpouuds,  to  which  a  special  chapter  of  this  inquiry  must  be 
devoted.  I  will  therefore  only  briefly  mention  in  this  place,  that 
I  have  succeeded  in  producing  several  of  the  bases  belonging  to 
the  meth^lene-^TOup.  The  members  of  this  series  present  some 
peculiarities,  distiugiiislung  them  in  a  marked  nfMi-nnCT  iBrom  the 
coneaponding  ethylene-compounds. 

•  Joonud  of  Uie  Chemioal  Socieiy,  vol.  xiu,  p.  65. 
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P&OFYLii^NE  AND  AmYL£N£-G&0UF8. 

The  eKj^enmeutB  in  tlie  propylene-  and  amylene-groups  were 
mititated  almost  at  the  beginning  of  this  inyestigation^  at  a  time 
when  the  reaction  between  triethylphosphine  and  dibronuide  of 
ethylene  had  not  yet  been  sufficiently  disentangled.  The  removal 
of  ike  difficulties  in  the  ethylene  series  has  naturally  cooled  my 
interest  in  the  corresponding  reactions  of  the  propylene-  and 
amylene-serics;  and  hence  this  part  of  the  investigation  has  been 
left  incomplete. 

Triethylphosphine  is  briskly  attacked  by  the  dibromides,  both 
of  propylene  and  amylene ;  the  reactions,  however,  do  not  exhibit 
the  welcome  simplicity  and  smoothness  which  characterize  those 
in  the  ethylene-series.  Even  in  the  propylene-compound,  whether 
it  be  prepared  from  amylic  alook>l  or  from  iodide  of  allyl^  we  miss 
with  xegret  the  sharply  definea  characters  of  tiie  coiresponding 
ethylene-body ;  and  in  the  bntylene-,  and  still  more  in  the 
amylenfr-series,  these  features  become  fainter  and  fainter. 

When  snbmitted  to  the  action  of  the  dibromides  of  propylene 
and  amylene,  triethylphosphine  appears  to  undcrfS^o  simultaneously 
two  ditl'erent  sets  of  changes,  the  substances  formed  being  partly 
direct  products  of  the  reaction,  partly  and  perhaps  chiefly,  indirect 
products.  The  diphosphonium-compounds  of  the  propylene-  and 
amylene-series  are  less  stable  than  the  ethylene-dipliosphouiums, 
and  arc  therefore  always  mixed  with  such  products  of  decomposi- 
tion as  are  formed  in  the  etbylene-gi  ouu  only  under  the  protracted 
inflaenoe  of  high  temperatores.  Under  all  circnmstanoes,  how- 
ever, these  dibromides  give  np  the  elements  of  hydrobromic  acid,  so 
that  we  have  to  eliminate  a  painfully  small  quantity  of  the 
searchcd-for  products  frcna  an  nnprofitable  mass  of  bromide  of 
trietliylphosphonium.  In  such  cases  the  ordinary  methods  of 
separation  no  lonp^er  suffice,  and  we  are  compelled  to  resort  to 
treatment  with  baryta,  the  real  examination  of  the  products  begin- 
ning only  after  the  liberated  phosphorus-base  has  been  removed 
by  ether,  and  the  brooiide  of  barium  decomposed  by  means  of 
oxide  of  silver  and  carbonic  acid.  By  this  treatment^  beautiful 
iodides  and  platinnm-salts  are  obtained^  which,  however,  have  aa 
yet  been  but  partially  and  imperfectiiy  inveatigated. 

pBBinruNa-GmoOT. 

Unfortunately  nothing  but  fruitless  experiments.  I  had  hoped 
to  find  in  triethylphosphine  a  bridge  between  the  phenyl-  and  the 

phenylene-serics,  but  my  expectations  hnvc  not  been  realized. 
The  analoprv  between  the  salts  of  bromethylated  triethylphospho- 
nium  and  of  bromophenylatcd  ammonium 
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[(CJI.Br)  (C,H,)3P]Br, 
[(CjH^Br)     H,  N]Br, 

is  iinmistakeable,  and  it  remained  to  be  seen  whether  triethyl- 
phosphinc  would  attack  the  salts  of  bromophjeiiylaiiimoiiiam 
according  to  the  equation 

[(CeH4Br)H3N]Br  +  (C,H,)3P  =  [(C«H,)"(^A)jI'] 

Uni^nrtaiiately  the  mixture  of  the  twQ  hodieq  is  ^oi  changed 
eveu  after  being  heated  for  some  time  to  160°.  No  better  remit 
was  ohtained  by  substituting  for  the  hromophenylaminej  tM 
OOrresponding  iodinated  base.    A  mixture  of  triethylphosphinc 

and  iodophouylamino,  which  liad  been  kept  for  a  clay  at  JGO", 
yielded,  on  opening  the  tube,  an  apprecialjle  quantity  of  iodiue, 
recognizable  by  silver-salts,,  but  the  decom position  was  by  no 
means  complete.  Ilydriudic  acid, separated  from  the  mixture  an 
iodide  which  crybtallized  in  long  needles,  and  wais  found  by 
auuiysis  to  consist  of  iodide  of  iudophenylammonium.  lu  %^ 
products  of  transformalliou  of  the  phosphor oa-base  I  was  unable 
to  trace  the  simple  relations  pointed  out  by  theory. 

B£NZYLEN£-GrOUP. 

In  condnsioni  I  will  mention  a  fi  w  experiments  upon  the 
mutual  reaction  between  triethylphosphinc  and  dichloridc  of 
bcnzylene.  By  this  latter  name  1  denote  the  compoimd,  dis- 
covered by  Cauouus,  wliich  is  produced  by  the  action  of  penta- 
chloridc  of  phosphorus  on  bitter  almond  oil. 

At  ordinary  temperatures,  and  even  at  100*^,  the  two  compounds 
react  but  slowly  upon  eaeli  other;  between  1.20^  and  130°,  how- 
ever, especially  in  presence  of  alcohol,  the  change  takes  place  with 
facility.    The  resulting  crystalline  mass,  like  that  obtained  in  tlie 
OOrresponding  experiments  in  the  propylene-  and  amylene-serie^ 
consists  chi^y  of  chloride  of  triethylphosphonium.  After 
removing  the  phosphorus-base  as  completely  as  possible  from  the 
solution  of  the  crystab>  by  the  successive  treatment  with  baryta, 
oxide  of  silver,  and  carbonic  acid,  there  remained  a  strougly 
alkaline  liquid,  the  nature  of  Mhich  I  endeavoured  to  determiue 
by  the  ])roparation  of  the  iodide  and  platinum-salt.    The  \\(\nid, 
saturated  with  hydriodic  acid,  yielded  a  well-crystallized  iodide, 
which,  however,  was  so  soluble  and  deliquescent  that  no  constant 
results  could  be  obtained  by  its  analysis.    On  the  other  hand,  the 
somewhat  sparingly  soluble  platinum-salt,  which  is  precipitateo 
in  small  laminae,  on  treating  the  solution  of  the  chloride 
^chloride  of  platinum,  and  may  be  recrystallised  wittiout  alter"* 
ation  from  boiling  wat^,  yielded  results  agreeing  with  one  anotlicr, 
although  the  products  of  different  prepSrationB  were  subou^^ 
to  analysis. 
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These  analyaeB  led  to  the  farmiilA 

C„H«P  JPtCl3=  [(C,H5),(C,H,)P]Cl;Pfca,. 

^  The  traaafittmatibii  of  triethylphosphine  under  the  inflaence  of 
dichlbride  of  benzjlenc^  evidenUy  takes  place  acoording  to  the 
followiiig  equation : 

+  C,H,C1,  +  H,0  =  [(C,H4)3HP]C1  + 
l(CaH5)s(C,H,)P]Cl  +  (C,H,)3PO. 

It  may  he  that  the  formation  of  the  triethvl-henzylplios* 
phonium-cOmpound  is  preceded  by  the  production  of  an  ephemeral 
diatomic  base  containing  the  radical  C7 

2t(C,H.),P]  +  C,H,C1,  =  [( W  jc^H^i^pJ  CI, 

which  is  subsequently  decomposed  under  the  joint  influence  of 
water  and  an  excess  of  triethylphosphine.  I  have  not,  however, 
been  able,  experimentally,  to  t^ace  this  base.   Moreover,  a  diflfer- 

ence  in  the  deportment  of  triethylphosphine  with  the  compounds  of 
ethylene  and  benzylene  is  readily  intelligible,  if  we  recollect  that 
they  are  far  from  bcin;^  analogous,  dichloridc  of  boiizylone  rcprc- 
scntiiif;  in  the  benzyl-group  the  diatomic  derivatives  which  have 
been  obtained  from  ethylie  alcUlivdc. 

The  analysis  of  the  bpnzyl-triethylphos|)hoi)iuru-platiuuui-salt 
concludes  the  experimental  part  of  this  section  of  my  researches. 

The  following  Table  exhibits  at  a  glance  Ihe  several  groups  of 
bodies  examined  ia  Parts  II.  and  III.  of  this  inquiry. 

MoNATOUIC-CoMrOUNOS.  PHOSPUORUS-GaOOr. 

MonophospJionkmhwUs.  Ethyl-series, 

Salt  of  Tetrethylphosphonium        .  [(CaHg)4P]Br. 
Salt  of  firometbyi-tnethylphospho* 

mum  [(CgH^Br)  (CgHajaPJBr. 

Salt  of  Chlorethyl-tricthylphospho- 

niura         .....  [(C.,II^Cl)(C2H5)3P]Br. 
Salt  of  Oxctliyl-tricthylphosphouium 
Salt  of  Vinyl-triethylphosphonium  . 


:(C,II,HO)  (C,H,)3P]Br. 
-(C,H3)  (C,H,}3PJBr. 


Ethyl^meihyh-HrieB, 

Saltof  EthyUrimethylphosphonium  [^C^na)  (CIl3)3P]Br. 
Salt  of  Bromethyl-tniliethy  Iphospho- 

nium  [(C,H4Br)(CH,)3P]Br. 

Salt  of  Oxethyl-trimethylphoBpho- 

nium  [{CaH^UO)  (CH3)3P]Br. 

Ethyl'  benzyl-seriea. 
Salt  of  Triethyl-benzylphoaphonium  [(CaHa)a(C,H,)P]Br. 


Ly'lyUli-L. 


344  A.  W.  nOFMAMU'S  OOMTBIBUTIOKB  TO  TUB 

Arsenic-Group. 

Salt  of  Tetrettiylanonium  .  [(C2H5)4A8]Br. 

Salt  of  Bromethyl-triethylaraonium  [(CjH^Br)  (02115)3 As]  Br. 

Salt  of  Vinyl-trietliylanomam      .  ({CJ^^  (C,U,)^JBr. 

DiATOMic-CoMruuNDs.  Phospiiorus-Group. 
Diphosphon  ium-salts, 

Saltof  Ethylene-bexethyldiphospho-  f/p  tt  v  (C2ll5XP1 . 
nium         .       .       ;       .       .  (CaHg^PJ 

Salt  of  Ethylene-trimethyl-tricthyU  r,p     x/C  113)3?]  \ 
diphospbomam  .      •      .      .       ^      (C^U^^Vj  ^' 

Salt  of  Elihylene-liexniethyldiplkos-  r,p  „  yiC  U^)^V1 
phoniam  L^^a^*^  (C  H^^pJ 

Absbmic-Oroup. 

Diarsouium  -  sails, 

SaltofE%leue-heze«ihyldianoDiiim  [(CaHJ'^^c^H^)^ '^^a- 

PaOSraOEUS-NzTBOOBN-GBOUF. 

Salt  of  Etliylene'triethylphospham-  f^p  xj  \//  (02115),?']  "n 
mouium  L^^a***^'  •   H3  NJ 

Salt  of    Ethylcnc-methvl-trietlivl-  f/p  TT  V  (^2^5)3"^  1  "tt 
phosphammoniuiu  .    '  .  L^'^a"*-'  (CHaJHjNJ 


Salt  of  Ethylcne-tetrcthylphospham-  f/p         (CjH.),?  ] 
raonium  L^^a"*^  (C2H5)H2NJ 

Salt(j{"Ethvleuc-pentethylphospham-  f/p  tt  w/  (€2^15)3? 
iiiouiuni'  ly'-i'^V  (C2H5)2HNJ 

Salt  of  l^thylcne-trimethyi-triethyl-  Tp  „  w,(CH3)3P  1 
pliobpliummouium      ,       .       .  L^'^a^ii  (CaUjjNJ  ""'a- 


Ethvlcne-hcxethylphosphar-  r,p  „  s'/(02n5)3P  "]  % 


PBO8PHOB08-AR8BNIC-OBOtrP« 

Phosph  ar$omum-^alt9» 

Salt  of  Ethv 
souiiun 

Absbmic-Niteogbn-Gbouf. 
Armmmoniitm-taUt. 

Salt  of  Ethylene- triethylarsammo.  T.p  „  v'(C.>H-)3  AsV'  , 
nium  vy-i^*)    fij    N  J  ^' 


Ly'lyUli-L. 
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The  experiments  described  in  the  pfeoeding  pages  refer  almost 
exclusively  to  the  study  of  compounds  belonging  either  to  the 
phosphorus- series  or  to  the  phosphonisnitrogen-serie?.  Numerous 
analogous  terras  of  the  iiitrogen-scnes,  monatomic  as  well  aa 
diatomic^  with  which  I  have  become  acquainted  in  the  course  of 
my  researches^  liavc  ))ecn  left  unnoticed  in  this  paper.  I  propose 
to  examine  the  uitrogen-bodiea  in  a  special  memoir;  and  I  may 
here  only  remark^  that  these  snbstances,  although  differing  in 
several  points^  nevertheless  so  elosely  imitate,  in  their  general 
department^  the  oovfespoiiding  terms  of  the  phosphorns-series, 
that  the  picture  which  in  the  preceding  pages  I  have  endeavoured 
to  deUaeate  of  the  phosphorus-compounds,  illustrates^  in  a  great 
measure,  the  deportment  of  the  nitrogen-bodies.  We  meet  here 
with  the  peculiar  case  of  the  study  of  the  phosphorus- group  being 
in  advance  of  that  of  the  nitrogen  scries,  whilst  generally  the 
investigation  of  the  phos])liorus-compounds  was  taken  in  hand 
only  after  inquiries  in  the  nitrogen-series  had  furnished  the  proto- 
types to  be  copied. 

Ill  eouclusion,  a  few  words  about  tlie  jfurther  development  of 
which  the  experiments  described  appear  to  be  capable,  and  about 
the  direction  in  which  I  propose  to  pursue  the  opened  track. 

Conceived  in  its  simplest  fonn,  the  transition  from  the  series  of 
monatomic  to  that  of  diatomic  bases  mi^  be  referred  to  the  intro- 
duction of  a  monochlorinated  or  monobrominated  aloohol-radical 
into  the  ammonium-nucleus,  the  chlorine  or  bromine  thus  inserted 
fiimishin^  the  point  of  attaelv  for  a  second  molecule  of  ammonia. 
If  ill  bromide  of  cthylamraonium  wc  imagine  1  eqniv.  of  hydrogen 
in  ethyl  replaced  by  bromine,  we  arrive  at  the  bromide  of  brom- 
ethyl'aininoniuDi,  which  is  capable  of  fixiii^  a  second  inolecule  of 
ammonia,  and  of  being  thus  converted  into  the  dibromide  of 
ethylene-diammonium^  the  latent  bromine  becoming  accessible  to 
sUver^aalts: 

[(C,H4Br)H,N]Br  +  H,N  =  [(CaHJ''HeNJ"Bry 

The  further  elaboration  of  this  reaction  suggests  two  different 
methods  for  the  construction  of  polyatomic  bases  of  a  higher 
ord^.  In  the  first  place,  the  number  of  ammouia-molecules  to  be 
inoosporated  in  the  new  mtem  may  be  increased  by  the  gradnally 
advancing  bromination  of  tiie  radicaL  By  the  farther  bromination 
of  ethyl  in  bromide  of  bromethyl-smmoninm  and  the  actbn  of 
ammonia  on  the  bodies  l^na  produced^  tiie  ftUowing  componnds 
might  be  generated * 

[(CjHaBr^lHaNl  Kr  ^  211^1!^  =  [(C^Hg)'"  H„  NJ'"  Br.. 
[(C2HaBr3)H3N  iiH  -f  3H3N  =  KC^H^''''  ^nKv'" 
[(C,H  BrJH3N]iir  +  4H3N  =  [(CJI )'""  H.sNJ"  "'  Br^. 
[(CJk^    H,N]Br  +  5H,N  =  i(Ca   ) Hi8N^'""Bre. 

VOL.  XIV*  2  A 
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Agaiu  tlic  fixation  of  tlie  aramonia-molccules  miglit  be  attempted, 
not  Ijy  the  progressive  bromination  of  the  ethyl,  but  by  the  accu- 
muhitiou  of  mouoljioniinated  etliyl-radicals  in  the  ammonium- 
nucleus.  The  broiiiidc  of  tlic  di-bromctliylannnonium,  when 
submitted  to  tlie  action  of  uuimuuiu,  would  tliub  yield  the  tribro- 
mide  of  a  triammoniuiKi,  the  bramide  of  tri-bromethvlammofiioni. 
the  tetrabromide  of  a  tetrammomum ;  and,  lastly,  the  bromide  oi 
ietra-bromethylammoniam,  the  pentabxomide  of  a  pentammoniiiiii. 

r(C2lI,nr).JI.,NlBr  +  2n3N  =  [(CJIJ^"  II^  N,]"  Br^, 
[(CJI^Rr^^irNinr  +  3H3N  =  [(CH,  V' Hj.N,]""  Br,. 
[(CVi,13r),    NJBr  4-  iHaN  =  [(CVl J,  il,,N,] Br^. 

As  yet  the  bromination  of  the  alcohol-bascs  presents  some 
diflGcalty ;  appropriately  selected  reactions,  however,  will  doubtless 
furnish  these  bodies.  They  will  probably  be  obtained  by  indirect 
means,  similar  to  those  by  which,  years  ago,  I  succeeded  in  pre- 

parinsj  the  chlorinaled  and  Ijrominatcd  derivatives  of  phenylaniinc; 
or  tlii'sc  suljstuncrs  may  l)e  gent  i'ated  by  the  action  of  j)cnta- 
eliloridc  atid  })cntabroinido  of  phosphortis  upon  the  oxrtliylated 
bases,  a  pr<H't\ss  which,  from  the  few  experiments  recorded  in  this 
memoir,  promises  a  rich  harvest  of  results. 

I  have  but  faint  hope  that  I  may  be  able  to  trace  these  new 
paths  to  their  goal ;  inexorable  experiment  follows  but  slowly  the 
flight  of  light-winged  theory.  The  commencement  is  nevertheless 
made,  and  oven  now  the  triammonium-  and  tctrammonmm-com- 
pounds  begin  to  unfold  themselves  in  unexpected  variety. 


I  condnde  this  memoir  with  the  eipressioii  of  my  best  thanks 
for^  the  untiring  patience  with  which  Mr.  Peter  Griess  has 

assisted  mc  in  the  performance  of  ray  experiments  on  the  phos- 
phorus-bases. The  truly  jdiilosoidiical  spirit  in  which  this  talented 
chemist  lias  aeeompunied  mc  throughout  the  varying  fortunes  of 
this  inquiry,  will  always  be  one  of  my  most  pleasing  recollections. 
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PROCEEDINGS 

AT.  THB 

MEETINGS  OF  THE  CHEMICAL  SOCIETY. 


January  17tb^  1861. 

Alfred  Smee,  Esti.,  Vice-President,  in  the  Chair. 

James  Apjohn,  M.D.,  Professor  of  Chemistry,  Trinity  Col- 
lege, Dublin,  was  elected  a  Fellow  of  the  Society;  and  Arthur 
Reynolds,  Esq.,  BotbI  Arsenal  Laboratoiy,  Woolwich*  was  elected 
an  Associate  of  tiie  Society. 

The  following  papers  were  read : — 

''Analysis  of  the  Saline  Water  of  Pnrton,  near  Swindon/'  hv 
Dr.  Noad,  F.B.S. 

''On  the  Compositioh  of  Purton Water,*'  by  l)r.  Voelker. 

''  On  the  Electrolytic  test  for  Anenic,''  by  Profies^ror  Bloxatn. 

''On  a  new  Silver-phoephoninm-compound,''  by  Dt.  Hofmann, 
F«R.S* 


Pebmary  7, 1861. 

Proibasor  Brodie,  President,  in  the  Chair. 

^e  following  wm  elected  Fdlows  of  the  Society : — 

John  Davis,  Esq.,  20,  Princes-street,  Spitalfieldj^ ;  Charles 
Edward  Beaduell,  Esq.,  West  Green-road,  Tottenham. 

The  following  were  elected  Associates  of  the  Society: — 

Dr.  Charles  Ulrich,  40,  London-street:  Edouard  Louis 
Barrett,  St.  Bartholomew's  Hospital. 

The.  foUovring  papers  were  read 

"  On  the  Carbonates  of  Coi^pcr,  Cobalt,  and  Nickel,"  by  Mr. 
Frederick  Field. 
"  On  tlie  Oxidation  of  Benzol,"  by  ]\Ir.  A.  IL  Church. 
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Pfiliniaiy  21, 1861. 

Dr.  Warren  Dc  la  Kue^  Treasurerj.in  the  ChAir. 
The  fbUowing  were  elected  FeUowt  of  tlie  Sociefy : — 

James  Napier^  Junior^  Esq.^  5,  New  Broad-street  Buildings; 
William  'Weston,  Esq.,  Museum  of  Practical  Geology;  Dr. 
Mmray  Thomson^  Lecturer  on  Chemistry,  Glasgow. 

The  following  pfl^^  were  read : — 

"  On  the  action  of  dilate  Nitric  Acid  upon  some  Hy  drocaxbons  of 
the  Ben«d  series/'  by  Warren  de  la  Ene,  MJ>.,  end  H.  Miiller. 

"  On  the  Putrefaction  of  Bile,  and  Fonnation  of  GaU-etones/'  by 
Dr.  Thudichnm. 

''On  the  Bisulphide  <tf  Iodine/'  by  Dr.  Guthrie. 

''  On  Ground  Ice/'  by  IMbr*  R.  Adie. 


March  7, 1861. 

Dr.  Hofmann,  Foreign  Secretary,  in  the  Chair. 

J.  J.  Coleman,  Esq.,  Commercial  College,  Haliftx,  was  dedted 
a  Fellow  of  the  Society. 

A  paper  was  read, — 

"  On  some  Minerals  £rom  Chile,''  by  Mr.  Frederick  Field. 

Dr.  Ilofmann, madeaverbalcommimication  "On Mr.  Griess'a 
ftirtfaer  researches  upon  Nitrogeu-substitufeionfl." 


March  21,  1861.  . 
Frofessor  Brodie,  Presideut,  in  tlic  Chair. 
The  following  were  elected  Fellows  of  the  Society  j — 

William  Vazie  Simons,  Esq.,  10,  Ayenae-road,  Hammemiltlt; 

Edwin  Burton  Brown,  M.D.,  Medical  College,  Lahore;  Heniy 
Owen  Huskisson,  Esq.,  80,  Mccklenburgh .square i  Adsm 
Clarke  McLean,  B.A.,  Wesleyan  College,  Taunton. 

Professor  Williamson  delivered  a  discourse  ''On  HhSOailh 
dynamics  in  relation  to  Chemical  AfiSnity/' 
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AiiiUTerMury  Meetings  ilaich  80, 1861» 

ProfesBor  Brodie,  President,  in  the  Chair. 

"  The  following  Report  of  the  Ck>im«il>  and  the  Audited  Aoconnt 

of  the  Treasurer,  were  read 

It  is  the  custom  at  the  Annual  Meeting  to  lay  before  the  Sodely 
a  brief  statement  as  to  its  progress. 

The  number  of  Fellows  at  the  last  annual  meeting  was  323 ; 
during  the  past  year  there  has  been  an  increase  of  19,  making  the 
present  number  342.  The  number  of  Associates  is  at  present  10, 
being  2  less  than  tlie  number  of  last  year. 

The  increase  of  the  Fellows  of  the  Chemical  Society  is^  to  some 
extent,  a  measure  of  the  interest  felt  in  this  country  in  the  Science 
of  Chemistry,  and  of  the  number  of  its  cultivators.  We  may, 
therefore,  observe  with  gratification,  that  the  number  of  Fellows  of 
oar  Society  is  steadily  on  theincrease.  Comparing  the  progressof  the 
Sodetj  for  the  last  5  years,  ve  find  that  from  the  year  1846  to  18S0, 
the  Society  inoreased  by  i4t  membera,  or  4*8  annually ;  from  1860 
to  1856  (a  period  of  6  years)  there  was  an  increase  of  35  members^ 
or  6*8  annually  ;  while  from  1856  to  1861,  there  has  been  an  in- 
crease of  86  members,  or  17*4  annually,  the  rate  of  increase  in 
the  five  years  from  1850  to  1861  being  more  than  three  times  and 
a-half  as  great  as  in  the  five  years  from  18  i5  to  1850. 

Our  Librarian,  Mr.  Watts,  whose  appointment  was  announced 
at  the  last  Anni\  ersary  ^fecting,  has  prepared  a  new  Catalogue  of 
the  Society's  Books.  The  Council  is  indebted  to  him  for  the 
promptitude  and  care  witb  uhich  he  lias  produced  this  work, 
which,  it  ii>  hoped,  will  tend  materially  to  enhance  the  usefidness 
of  the  library. 

The  last  year  has  happily  not  been  marked  by  the  loss  of  any 
eminent  Ghemist,  either  among  the  Fellowa  or  Foreign  Membera. 
We  have«  however,  to  record  Ae  deatii  o£  three  of  our  Fellows, 
Mr.  Charles  Cowper,  Mr.  J.  Macfarlane,  and  Mr.  David 
Old  field.  A  brief  notice  of  two  of  these  gentlemen  will  not  be 
ont  of  place. 

Mr.  J.  F.  Macfarlane  liad  attained  the  Diploma  of  the  Koyal 
College  of  Surgeons  of  Edinburgh,  and  in  early  life  practised  for  a 
short  period;  but  he  soon  devoted  himself  to  the  hnsiiuss  of  a 
manufacturing  Chemist  and  Drugg^ist,  which  he  carried  on  in 
Edinburgh,  wlierc  he  acquired  considerable  reputation  as  a  manu- 
facturer of  the  alkaloids  and  of  chloroform.  In  1818,  he  entered 
the  Boyal  Medical  Society  of  Edinburgh ;  was  elected  one  of  its 
l*residents  in  1822,  and  in  1850  had  the  distinction  of  Honorary 
Member  conferred  upon  him.  He  also,  during  a  period  of  forty 
years,  took  an  active  mterest  in  public  matters,  and  was  engaged 
in  many  impoortant  movementa  m  the  political  and  social  benefit 
gf  his  leUow-citiaeiis, 
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Charles  Covper^  one  o(  our  oirinnal  Mepfil^er^^  died  on  the 
28rd  Decembo^  I860;  he  was  bom  in  London,  on  tl^  8th  August, 
1821.  He  wss  the  son  of  the  late  Vrofumcsr  Coirper,  of  Kuifl^s 
College,  Xjondon  (the  Inventor  of  the  printing  machine  noifm 
common  use)  and  brother  of  Mr.  E.  A.  Cowper,  Civil  Engineer. 
Mr.  C.  Cowper  studied  Chemistry  from  early  youth,  under 
Dr.  Faraday,  Mr.  Brandc,  and  more  practically  under  Mr.  Wil- 
liam Maughan;  he  ■\vaa  engaged  as  Practical  Chemist  with 
Messrs.  Cliauce  &  Co.,  the  large  Glass  Manufacturers,  of  Smeth- 
wiek,  near  Birmingham,  at  whose  works  he  made  several  useful 
improvements  in  the  mixtures  for  coloured  glass  best  adapted  for 
Horticultural  purposes,  and  in  the  working  of  sulphuric  acid 
ehambers,  &c.  He  cominenced  business  on  his  own  scobiint 
in  London,  as  a  Patent  4sent,  in  1848,  having  ^d  con* 
tinnal  opportunities  of  observing  and  studying  En^ueefing,  Ibe 
soon  established  a  considerable  reputation  as  a  ip^t^nt  AgenJ^ 
both  ss  regarded  Chemical  and  Mechanical  Inventions ;  and,  owing 
to  his  careful  attention  to  his  professioiii  BQ  Patent  fhi^^  1^ 
specified^  was  ever  lost. 

He  was  much  respected  by  a  wide  circle  of  friends,  for  his 
uprightness  of  character  ^4  great  moral  worthy  f^d^ifA  to  a 
amiable  disposition. 

List  of  Paper?  road  at  the  >fectings  of  the  Ghemioal  8ooi9fy>£KM& 

March,  18G(),  to  March,  1801  :— 

1.    On  the  Artificial  Prodnction  of  Tartaric  Acid    by  Messn. 

Perkin  and  Duppa. 

^.    On  Crystallised  Potsssinm  and  podium  i'*  by  Mr.  C. 

Long. 

3.  "  On  the  History  of  Cinnamic  Acid     by  Mr.  D.  Howard. 

^    On  the  Action  of  Sodium  on  Iodide  of  Methyl :"  hj^S^fO^f 
Wanklyn  and  Buckheisen. 

5.  "  On  Zinc-methyl  i"  by  Mr.  J.  A.  Wanklyn. 

G.  "  On  the  Stibethyls  and  Stibmethyls    by  Mr.  G.  B.  BucktOB. 

7.  "  On  some  Derivatives  of  the  defines by  Dr.  Guthrie. 

8*    On  Baudiimonf^s  Protonilphide  of  Carbon     hy  Dr.  Lyon 

PI  ayfair. 

9.     On  the  Composition  of  ITyrlrated  Adds  of  <H>ny^T>t  hoihng 

point by  Dr.  II.  E.  Roscoe. 

10.  ''On  Acctoxybeiizamic  Acid^  an  Isomer  of  Hipnurio  dAcid 

by  G.  C.  Foster,  Esq.  . 

11.  "On  the  discrepancies  in  the  statements  of  "Pel on ze  and  F. 
Mohr,  respecting  the  solubility  of  Gallotannic  Acid  iu 
Ether     by  Professor  Bolley. 

12.  "  On  a  hitherto  unobserved  source  o|  Pi^^fi^     b^  J^rqfessor 
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13.  ''On  the  Crystnlline form  of  MetaUio  Chronuum bj  Pro- 
fessor Bolley, 

)4.  ''On  the  Cobnring  Matter  of  Persian  Berries    by  Professor 

•     Bolley.  ' 

15.  "  On  the  Basic  Carbonates  of  Copper by  Mr.  F.  Field. 

16.  <'0n  the  Separation  of  Volatile  Ethyl-iokaloids by  Dr. 
H  of  maun. 

17.  "  On  a  new  Lcad-sait  corresponding  to  Cobalt-yellow by 

Mr.  S.  D.  Hayes. 

18.  "On  the  production  of  mixed  Amines,  Pbospliines^ 

Arsincs     bv  Dr.  Hofmann. 

19.  "  On  the  Laws  of  Gas-absorption     by  Mr.  J.  H.  Sims. 

20.  "  On  Sugar  in  Urine;"  by  Dr.  H.  Bence  Jones. 

21.  "  On  the  Separation  of  Tellurium  from  Selenium  and  Sul- 
phur:" by  Dr.  Oppenheim. 

22.  "On  Nitroprusside  of  Sodinm  as  a  Be^agent:''  by  pr. 

Oppenheim. 

23.  '^Analysis  of  the  Saline-water  of  Purton,  near  Swindon  :*  by 

!Dr.  Noad. 

24.  "On  the  Composition  of  Purton  Water:"  by  Dr.  Voelker. 

25.  "  On  the  Electrolytie  test  for  Arsenic by  Professor  Bloxam. 

26.  "On  a  new  Silver-phosphonium-compound:"  by  Dr.  H  ofmann. 

27.  "  On  the  Carbonates  of  Copper^  Cobalt,  and  Nickel :"  by  Mr. 

F.  Field. 

28.  "  On  the  Oxidation  of  Benzol  :"  bv  Mr.  A.  H.  Church. 

S9.  "On  the  Action  of  Dilute  Nitric  Acid  upon  some  Hydro- 
carbons of  the  Benzol  series by  Drs.  De  la  Kue  and 
Miiller. 

80.  *'  Oil  the  Putrefaction  of  Bile  and  Formation  of  Gall-stones 
by  Dr.  Thndiohnni» 

81.  "  On  the  Bisulphide  of  Iodine by  Dr.  Guthrie. 

82.  ''On  Ground  Ice by  Mr.  B.  Adie. 

88.  ''On  some  Minerals  from  Chile by  Mr.  F.  Field. 

List  of  Discources  delivered  at  the  Meetings  of  the  Ciicinical 
Society : — 

"On  Ozone  r  bv  Dr.  Thomas  Andrews. 
"On  Circular  Polarization:"  by  Dr  J.  H.  Gladstone. 
"On  Organo-metallic  Bodies:"  by  Dr.  Frankland. 
"  On  Thcrmo-dynamies  in  relation  to  Chemical  Af^ty :"  by 
Dr.  Williamson. 

The  following  Report  of  the  financial  state  of  the  the  Sociefy 
was  read  by  the  Treasurer 


Digitized  by  Google 


_Digitized  by  Google 


FBOOEBDIlfQS  OT  THB  OHBUIOAL  BOOIBTT.  868 

The  following  gnntleiiieii  irere  deoted  as  Coandl  and  Officen 
for  the  eaaaiiig  year: — 

President. — Dr.  A.  W.  Hofmann. 

Vice'Presidenls  who  have  filled  the  office  of  President. — W.  T, 
Brande^  B,  C.  Brodie^  Br.  C.  G.  B.  Daubeny^  Thomaa 
Graham^  Br.  A.  W.  Miller,  Br.  Lyon  Playfair,  Cdl.  Philip 
Yorke. 

Vie^PreiideiUi. — ^Br*  H.  Benee  Jones^  Robert  Porrett, 
Alfred  Smee,  Br.  A.  W.  Williamaoiu 
8eerefane$.-^T.  Bed  wood,  W.  Odling. 
Furei^  Seeteiary.—'Dr.  E.  Frankland. 
TWoMrer.— Br.  Warren  Be  la  Rue. 

Other  Memban  CmiMr—Dt.  Thomas  Andrews,  Dr.  Wil. 
Ham  Francis,  Br.  J,  H.  Gladstone^  Br.  G.  B.  Longstaff,  Dr. 
I^Iarcet,  Dr.  Normandy,  W.H.Perkin,  Br.  H.KBoacoe,  Br. 
Edward  Schunckj  Br.  John  Stenhooae^  Eobert  Warington. 

The  thanks  of  the  meeting  were  voted  to  the  President,  Officers, 
and  Council,  for  their  eervices  to  the  Society;  also  to  the  Auditon 
and  to  the  Scrutators. 


April  4th,  1861. 
Robert  Warington,  Esq.,  in  the  chair. 
The  following  were  elected  Fellows  of  the  Sodetgr  ^ 

Frederick  Norrington,  Esq.,  9,  CSiarles-place,  Plnnouth; 
Robert  Colly er,  Ph.D.,  8,  Alpha-roid,  RegentVpark ;  Thomas 
Wood,  Ph.D.,  123,  Upper  ThameaHrtnetj  Rer.  JFohn  Henn, 
B  Ji.,  Greenhays^  Manehester. 

The  following  was  elected  an  Associate  of  the  Society :— - 
Mr.  John  Hall  Smith,  St.  Mai/a  Ho^tah 

The  following  paper  was  read 

''On  some  DematiTes  from  the  Olefines:''  by  Br.  Frederick 
Guthrie. 

April  ISih,  1861. 
Dr.  Hofmann,  President,  in  the  chair. 
The  foUowing  were  elected  Feliowa  of  the  Society:— 
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Henry  K.  Bambcr,  Esq.,  Chcync-walk,  Chelsea;  Arthur  , 
Ernest  Sausom^   M.I3.^    70^   Brook-sU'cet|  and  ParModg^ 
I'uUiam. 

* 

Bf  a  vote  of  thfi  meeting,  paned  in  accordance  with  the  Bye- 
tlu)  following  names  were  xemoy^  from  the  list  of  Fellovs 

A.  G.  AndesBon,  Benjamin  Cooper^  C.  F.  O.  Olassford, 
C.  R.  James,  J.  E.  Mayer,  J.  W.  Ferkina,  PrafeMor  Pohl, 
professor  Joliu  Wilson. 

Mr.  Abel  delivered  a  discourse — "On  the  A^ticatum  oC 
Electricity  to  the  Explgeion  of  Qmpowder*" 

I 

■  IMI.IIIWW 

May  2nd,  1861. 
Bobert  Warington,  Eeq.,  in  the  chair.'* 

■m 

Thomas    Griffiths,    Esq.,    6,    Stoncfi  old-street,  LoDsdale- 
flquare,  N.,  was  elected  a  Fellow  of  the  Society : — 

The  following  papers  were  read : — 

"  On  the  Aetion  of  Difaromide  of  Ethylene  on  Pyridine:"  by 
Mr.  J.  DaTidson. 

''On  the  amount  of  Water  displaced  from  jkhe  Hydrates  of 
Potash,  Soda,'  and  Baxyta,  by  Bqpacio  and  ^dc  Acids:'' 
PtofesBor  Bloxsm. 

»  On  the  Qraphite  of  Cast-iron  :^  by  Professor  Grace  Calyert. 


May  16th,  1861* 
.Dr.  Hofmann^  President,  iu  the  chair. 

The  following  were  elected  Fdllows  of  the  Society  > 

Joseph  Prestwich,  Esq.,  Regent's-park ;  Thomas 

Lindsay,  Esq.,  Millbank  Brewery,  Millwall;  Edward  Arnold, 
Esq.,  Norwich ;  Edward  Cort  Wright,  Esq.,  46,  Mosley-street^ 

Manchester. 

Mr.  W.  H.  Perkin  delivered  a  disoonrse— On  the  Colouriog 
Matters  obtained  from  Coal-tar.'^ 
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ISie  fellowing  papers  irm  read  i*— 

On  Bromide  of  Carbon     by  Mr.  A*     W-  fi^iuiOTC. 
"  Qn  the  power  ascribed  to  tlic  Koots  of  Plants  of  rejecting 
Poisons,  or  otber  Abnormal  Snbetancea  preaenie^  to  theni hj 
l>r.  Danbeny. 


Jmie  SOth,  1861. 
Dr.  Warren  De  La  Eue^  Treasurer^  in  the  chair. 

The  following  were  elected  Fellows  of  the  Society * 

Dr.  John  DangUsli,  Qeadiog;  llenry  Curwen  Salmon, 
F.G^.S..  36,  Lemon-ilxeet,  Truro;  W.  If.  Harris^  £sq.^  83»  0dld- 
^eet^  Korthan^pton. 

The  following  pap^  ifas  md  t-^ 

"  On  the  Constitntion  of  Gastric  Juice  i"  by  Dr.  Marcet* 

A  discourse  was  deliYe|re4  lay  Pf.  H.  E.  Eoscoe— ^fOn  the 
Application  of  the  Iiidpcl4onF<ioi|  to  S|otiiii«iVf  ^pgava^os  pf 
Spectrum  analysis.^' 


November  7th,  1861. 
Dr.  Hofmann,  President,  in  the  chair. 

The  following  papers  were  read :— • 

'*0n  the  Action  of  certain  Gases  upon  the  Peroxides  of  Potas- 
sium and  ^pdium:''  by  A.  Vernon  Harcourt.  Esq. 

On  some  results  of  the  Analyses  of  Commercial  Copper;''  by 
Messrs.  Abel  and  Field. 

"On  the  occurrence  of  Bismuth  in  various  descriptions  of 
Cop]^  ore by  Mr.  P.  Pi  eld. 
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November  21^^  1861. 

Dr.  Hofmanrij  President,  in  the  chair. 

Peter  McOwen,  BJL,  Huddenfield  CoUiege,  was  elected  a 
FeUow  of  the  Societj. 

The  IbUcywing  papers  were  read 

"On  Leucic  Acid  and  some  of  its  Salts  J*  by  Dr.  Thudichum. 
"On  the  occurrence  of  Crystalli/ie  Deposits  of  Phosphate  of 
Lime  in  human  Urine     by  Dr.  H.  Bence  Jones, 
"On  Sparteine:"  by  Mr.  E.  J.  Mills. 


Deoember  6tb»  1861. 

Br.  Miller,  Vice-President,  in  the  chair. 

The  IbUowing  papers  were  read 

"  Oil  Peppermint -camphor by  Dr.  Oppenheim. 

"  On  Pipcric  and  llydro-piperic  Acids     by  G.  C.  Foster,  BJL 

"  On  Supplementary  Experiments  upon  the  power  ascribed  to 
tbe  Roots  of  Plants  of  rdecting  Poisons  and  Abnormal  Sob^ 
stances  presented  to  them:''  by  &.  Daubeny. 

"  On  some  Physical  Fropertiet  of  Tin-lead  Alloys by  Pro- 
fessor Bolley. 

"On  the  Dancers arittuff  from  the  use  of  certain  Waten 
feedinf^  Steam*b(nlers  r''  by  rrofessor  Bolley. 


Donations  to  the  library  received  in  the  year  1861 : — 

''On  Coal,  riitroleum,  and  other  distilled  Oils;"  by  A. 
Gessner:  from  the  Author. 

"  On  the  Origin  of  Species  by  means  of  Organic  Affinity  by 
H.  Freke :  from  the  Author. 

"Memorials  of  Dr.  Priestley j"  by  James  Yates:  &om  the 
Author. 

"Report  of  Experiments  on  tlie  Growth  of  lied  Clover;*'  by 
J.  B.  Lawes,  F.E.S.,  and  J.  H.  Gabert,  Ph.D.,  F.K.S.:  fiom 
the  Authors. 

"  On  the  Sources  of  the  Nitrogen  of  Vegetation by  J.  Bt 
Lawes^  F.R.S.^  J,  H.  Gilbert^  PhJ).,  F.R.S.,  and  Eran  Fugb; 
VhJ>v  F.C.S. :  ham  the  Authors. 
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Solutions  of  Chloride  of  AmmoDium  and  Common  Salt;**  by 
James  Birney:  from  tlie  Attthor. 

CompositioQ,  of  linseed  and  Rape  Cakes,  whicli  are  now 
selfing  (1859)  in  tlie  Dublin  Market;  and  the  Compoaitioa 
of  Artificial  Cattle-food;''  by  James  Birney  and  John 
McDowell :  from  the  Anthors. 

^  On  the  Separation  of  Capper  and  Iron  by  means  of  Ammo* 
nia,  and  the  Analysis  of  some  Irish  Copper  Ores/'  by  Edward 
Byrne:  from  the  Author. 

"  On  the  Valuation  of  Soils  and  the  Nutrition  of  Plants;''  by 
Bobert  Galloway:  from  the  Author. 

*'  Investigations  conducted  at  the  Laboratory  of  the  Mosenm 
of  Irish  Industry/'  (1858  to  1859) :  from  the  Directors. 

"  A  Notice  of  the  Origin,  Progress,  and  Present  Condition  of 
the  Academy  of  Natural  Sciences  of  Philadelphia/  (1860) :  hy 
W.  S.  W.  Baschenberger,  M.D.:  from  the  Academy. 

"Contributions  to  the  History  of  the  Phosphorus-beses;**  by 
A.  W.  Hofmann,  Ph.D.^  F.B.S. :  from  the  Author. 

On  tiw  Belation  between  Boiling  Pbint  and  Cott^poaition  in 
Qiganic  Compounds by  Dr.  H.  Kopp;  from  the  Author. 

"On  the  Coadufltihility  of  Mercuir  and  Amalgams;''  by 
MesBiB.  Calmt  and  Johnson :  from  the  Authm. 

"  On  the  Expansion  of  Metals  and  Alloys by  Mesan.  Cal- 
TBTt  and  Johnson:  from  the  Authors. 

''Manual  of  Chemistry;  Descriptive,  Theoretieal^  and  Practi- 
cal,-''  by  William  Odling,  M.B.,  FJLS.:  from  the  Author. 

"  Report  on  the  Explosion  of  Gunpowder  by  Electricity by 
Messrs.  Wheatstone  and  Abel :  from  the  War  Office. 

**On  the  Chromate  of  Chromium  and  Analogous  Chromates;" 
by  F.  H.  Storer  and  C.  W.  Elliot :  from  the  Authors. 

On  the  Constitution  of  Anthracene  or  Paranaphthalin;'^  by 
T.  Anderson:  from  the  Author. 

"Second  Keport  of  a  Greological  lleconnaissance  of  the 
Southern  and  Middle  Counties  of  Arkansas:"  from  the  Smith- 
sonian Institution  at  Washington. 

"Review  of  Dr.  Antisell's  Work  on  Photogenic  Oils;"  by 
F.  H.  Storer :  from  the  Author. 

<*Traitc  de  Chimie  Gcn^rale  ElteeDtaIre par  A.  Cahours, 
2me  Edition,  3  tomes;  from  the  Author. 

"  Histoire  des  Badicaux  Organiqucs par  A.  Cahonrs:  from 
the  Author. 

"  Dictionnaixe  de  Chimie  Industridle;*'  par  MM.  Barreswil 
et  Oirardy  Introduction  et  Tome  piemier :  from  the  Authors. 
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"  Sur  quclqucs  Pheiioraenes  Meteorologiques  aur  le  literal  de 
la  Flandre  occidentale/'  par  T.  L.  Phipson. 

"  Sur  tme  nouvelle  Eoche  de  formation  zeeente  iar  le  iiKlnl 
dd  lA  Fiandfe  oomdetitak^"  par  T.  L.  Phipaoti. 

^La  Faroe  eatalytiqiie,  ou  Etudes  M  left  t\aJsoiM^  Ue 
Gootaeti''  par  T.  L.  Pkipaon. 

Sor  one  Matibe  colorante  extracte  dii  JUmjinl  Franffida," 
par  T.  L.  Phipson. 

''Sur  lea  Bolets  bletussants;  Etudes  de  formation  des  Prin- 
lapea  colorants  chez  plnsieurs  Champignons/'  par     L.  Phipsoil. 

"M^moire  sur  la  Fcculc  ct  les  substances  qui  peuTent  la 
remplaccr  dans  I'lndustrie/'  par  T.  L.  Phipson. 

"  Eecherches  nouvelles  but  le  Phosphore,"  par  T.  L.  Pkipson. 

Sor  U  PhospKorcscrncc  on  generale,  et  sur  l68  InseCtes  phoi- 
phostiqaea  on  partioolier/'  par  T.  Jm  Phipaons 

from  the  Author. 

"  Handbnch  der  technlscli'ChemisQhlai  Untemdumgifai''  von 
Br.  P»  A.  Bolley  2  fkmn  the  Author. 

i<  Uebw  kam^i^e  Mittsnahmen  fttr  da*  GMhihen  der'Wttaea- 
schaften/'  von  F.  tou  Thiersch:  fmtk  Ihe  Eoyal  Bmriidi 
Academy  of  Sdenoea. 

<'Das  chemiBche  Laboraftorinm  der  UniveivtttC  ChrntiBms, 
vtiddiedarmana^efnlirtendieinisdhe^  hetm- 
gegeben,  von  Adolph  StredLCor,  IKreetor  des  Labortktttfidma :  firm 
the  Universi^  of  Mdrwi^. 

Periodicals : — 

"  PhihMophical  Transaotionsy''  1860,  Pt.  1 :  from  the  fiojal 

Society. 

Transactions  of  the  Boyal  Society  of  Edinbnrgh/'  Vci.  tbl^ 
Pt»  XX. 

Apj^ndix  to  the  Makerstonn  Magnetical  and  Meteocdpgical 
Observations/'  being  a  Supplement  to  Vol.  XXH  the  Thou- 
aetiona  of  the  Eoyal  Sodely  of  Edinburgh. 

Proceedings  of  the  Royal  Sodiety  of  Edinburgh/'  Session 
1869  to  1860:  from  the  Royal  Society  of  Sdinbnrgh. 

"Memoirs  of  the  Koyal  Astronomical  Society/'  Vol.  XXTX. 

[Monthly  Notices  of  the  Royal  Astronomical  Society/'  fitwn* 
Dec.  1B60,  to  Dec.  X861 :  £rom  the  Society. 

"  Quarterly  Jowiuil  of  the  Geokgical  Sooiefy  Ibr  im^'  ttoat ' 
the  Society* 
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''Notices  of  the  Proceedings  of  the  Members  of  the  Boyal 
Institution  of  Great  Britain/'  Part  11  (1860-61). 

''List  of  Members,  Officers,,  kc,  of  the  Royal  Institution,"  1861. 

"Additions  to  the  Library  of  the  Royal  Institution/'  from 
July  1860  to  July  1861 : 

From  the  Royal  Institution. 

"Journal  of  the  Photographic  Society/'  for  1861 :  from  the 

Society. 

"Pharmaceutical  Journal,"  for  1861  :  from  the  Editor. 

"Journal  of  the  Society  of  Arts/'  l^o.  122  to  472;  from  the 

Society. 

"Chemical  News/'  No.  55  to  69:  from  tlie  i^ditor. 

"Literary  Gazette/'  No.  130  to  176:  from  the  Editor, 

"London  Review,"  No.  31  to  73:  from  the  Editor. 

"Tlie  British  Journal  Photographic  Almanac/'  lor  18G1 :  from 
the  Editor. 

Calendar  for  the  year  1861,  of  the  Science  and  Art  Depart- 
ment of  the  Committee  of  Council  on  Education from  the 
Department. 

"Twenty-eighth  Report  of  the  Royal  Cornwall  Polytechnic 
Society :"  from  the  Society. 

"Annual  Report  of  the  Yorkshiie  Phiiosophical  Society," 
1860 :  from  the  Society. 

"Proceedings  of  the  Royal  Society  of  Liverpool"  (1860-61)  : 
from  the  Society. 

"  Smithsonian  Contribntions  to  Knowledge,"  Vols.  XI,  XII* 
"  Smithsonian  Reports,"  for  1859  : 

from  the  Smithfonian  Institntion  at  Waahrngton. 
"American  Journal  of  Science  and  Arts/'  for  1861 :  from  the 
Editor. 

"  Journal  of  the  FranUin  Institute/'  for  1861 :  from  the  In- 
stitute. 

"Proceedings  of  the  Academy  of  Natural  Sciences  of  Phila- 
delphia/' for  1860,  pp.  285  to  579,  1861,  No.  1—4:  from  the 
Academy* 

"Proceedings  of  the  American  Philosophical  Society/' 
Vol.  Vn,  No.  68 :  from  the  Society. 

"Annual  Beport  of  the  Cooper  Union  of  Sciences  and  Art/' 
for  1860 :  from  the  Union. 

"  Canadian  Journal :"  from  the  Canadian  Institute. 

"Canadian  Naturalist  and  Geologist/'  Vol.  VI,  No.  1— 4o4: 
from  the  Natural  History  Society  of  Montreal. 

"  Bulletin  dc  la  Societe  d'Encouragement  ponr  Tlndustrie 
Nationale,''  No.  94 — 105 :  from  the  Society. 
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""BnUetin  de  k  Gb«e  dm  Scknoei  de  PAcdl^  Bfl^ale  do 
Belgiqne/'  1860. 

^  Annum  de  PAcad^mie  Bcyale  de  Belgique,  1861 :  horn  the 
Academy. 

''M^anges  Pbysiquea  et  dumiquM/'  Tome  IV.^  UmuM 
1-^ :  from  the  Impenal  Academy  of  Sciences  at  St.  Petenboii^. 

'^Denkachrifteii  der  kaiaerUdien  Akademie  der  VfiaaenachafteB 
laWien:'' Band  SIX. 

''Sitsmigsberichte  der  k&eiiidiea  Akademie  der  Wissen* 
schaften  zu  Wicn  Band  XLI,  Noa.  18-^|  Band  XLII,  Noa. 
21—28;  Band  XLIII,  1. 

"  Jahrbuch  der  konigL-kaiserlichen  Central- Anstalt  fur  Meteo* 
n>logie  and  Erdmagnetismus/'  Ton  Karl  £reil«  1856 :  from  the 
Imperial  Academy  of  Sciences  at  Vienna. 

Sitzungsberichte  der  koniglich-baeyerischen  Akademie  der 
Wiasenschaften  zu  Munchen/'  1860,  Hefte  4—6;  1861.  Hefte 
1-— 4 :  from  the  Boyal  Bavahan  Academy. 
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